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RESEARCH  ON  GROUND  PROPULSION  SYSTEMS 


TXTESDAY,  JITNE  11,  1874 

House  of  Representatives, 

Committee  on  Science  and  Astronautics, 
Subcommittee  on  Space  Science  and  Applications, 

Washington^  D.C. 

The  subcommittee  met  in  room  2325,  Rayburn  House  Office  Build¬ 
ing,  Hon.  James  W.  Symington  [chairman  of  the  subcommittee]  pre- 
simng. 

Mr.  Symington.  The  subcommittee  will  be  in  order. 

This  morning  the  Subcommittee  on  Space  Science  and  Applica¬ 
tions  begins  4  days  of  hearings  on  H.R.  10392,  a  bill  to  authorize 
the  National  Aeronautics  and  Space  Administration  to  conduct  re¬ 
search  on  ground  propulsion  systems. 

[H.R.  10392  follows :] 

(1) 


2 


IsT  Semiok  R  R.  10392 


IN  THE  HOUSE  OF  REPRESENTATIVES 

September  10,1973 

Mr.  nnowN  of  CaliforniR  (for  himself,  Mr.  McCormack,  and  Mr.  Svmikoton) 
introduced  the  following  hill;  which  was  referred  to  the  Committee  on 
Science  and  Astronautics 


A  BILL 

To  amend  the  National  Aeronautics  and  Space  Act  of  1958 
to  authorize  and  direct  the  National  Aeronautics  and  Space 
Administration  to  conduct  research  and  to  develop  ground 
propulsion  systems  which  would  serine  to  reduce  the  current 
level  of  energy  consumption. 

1  Be  it  enacted  by  the  Senate  and  House  of  Representa- 

2  tives  of  the  United  States  of  America  in  Congress  assembled, 

3  Section  I .  (a)  Section  102  of  the  National  Aeronautics 

4  and  Space  Act  of  1958  (42  U.S.C.  2451)  is  amended  l»y 

5  redesignating  subsection  (d)  as  subsection  (e),  and  Jiy  in- 

6  sorting  immediately  after  subsection  (c)  the  following  new 

7  subsection : 

8  “  (d)  The  Congress  declare  that  the  general  welfare  of 
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the  United  States  requires  that  the  unique  competence  in 
scientific  and  en^neering  systems  of  the  National  Aeronautics 
and  Space  Administration  to  also  be  directed  toward  ground 
propuMon  systems  research  and  development.  Such  develop¬ 
ment  shall  be  conducted  so  as  to  contribute  to  the  following 
objectives — 

“  ( 1 )  the  development  of  energy  conserving  ground 
propulsion  systems; 

“  (2)  the  development  of  ground  propulsion  systems 
with  dean  emission  duaracteristics,  economical  per  unit 
cost,  and  low  per  mile  energy  consumption; 

“(3)  the  improvement  of  efficiency,  safety,  per¬ 
formance,  and  usefulness  of  ground  propulsion  systems; 
and 

“  (4)  the  most  effective  utiHzation  of  the  scientific 
and  engineering  resources  of  the  United  States  already 
in  existence,  with  close  cooperation  among  all  interested 
agencies  of  the  United  States  in  order  to  avoid  unneces- 
saiy  duplication  and  waste  of  effort,  facilities,  and 
equipment.” 

(h)  The  subsection  of  section  102  of  such  Act  redesig¬ 
nated  as  subsection  (e)  by  subsection  (a)  of  this  section  is 
amended  by  striking  out  "and  (c)”  and  inserting  in  lien 
thereof  “  (c) ,  and  (d)”. 

Se«.  2.  Title  II  of  the  National  Aeronautics  and  Space 
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1  Act  of  1958  Is  amended  by  adding  at  the  end  thereof  the 

2  following  new  section; 

3  “GHOUND  PBOPUIiSION  SYSTEM  DEVELOPMENT 

4  “Sec.  207.  (a)  (1)  In  addition  to  its  other  functions 

5  the  Administration  shall  develop  ground  propulsion  systems 

6  which  are  energy  conserving,  have  clean  emission  charao- 

7  teristics,  and  are  capable  of  being  produced  in  large  numbers 

8  at  a  reasonable  mass  production  per  unit  cost. 

9  “(2)  Such  ground  propulsion  systems  must  meet  or 

10  better  all  air  quality  standards  set  by  or  under  the  National 

11  Emission  Standards  Act,  the  Clean  Air  Act,  and  the  Air 

12  Quality  Act  of  1967,  while  substantially  reducing  per  mile 

13  energy  consumption. 

14  “(3)  The  Administration  shall  conduct  research  in 

15  alternative  energy  sourcefi  for  use  in  the  ground  propulsion 

16  systems  developed  under  paragraph  (1)  and  shall  develop 

17  such  alternative  energy  sources  for  use  in  those  systems. 

18  “  (b)  In  connection  with  the  performance  of  its  func- 

19  tions  under  subsection  (a),  the  Administration  shall  eval- 

20  uate  and  make  a  continuing  comparative  assessment  of  all 

21  ground  propulsion  systems  presently  in  use,  or  in  a  concep- 

22  tual  or  development  stage. 

23  “(c)  There  is  authorized  to  be  appropriated  to  cany 

24  out  this  section  not  to  exceed  $30,000,000  in  the  aggregate 

25  for  the  fiscal  years  1974  through  1977.” 
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4 

1  Sec.  3.  Section  103  of  the  National  Aeronautics  and 

2  Space  Act  of  1958  (42  U.S.C.  2451)  is  amended  by  strik- 

3  ing  out  “and”  at  the  end  of  paragraph  (1) ,  by  striking  out 

4  the  period  at  the  end  of  paragraph  (2)  and  insertmg 

5  lieu  thereof  “ ;  and”,  and  by  adding  after  paragraph  (2)  the 
(j  following  new  paragraph; 

^  “  (3)  the  term  ‘ground  propulsion  system  means 

8  the  engine,  transmission,  or  drive,  and  associated  con- 

9  trols,  necessary  to  power  automobiles,  trucks,  trains, 
10  buses,  and  selected  light  marine  vehicles.” 
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The  purpose  of  this  bill  is  to  encoura^  greater  utilization  of  the 
talent  and  facilities  of  NASA  in  addressing  one  of  the  more  pressing 
needs  of  our  society,  to  witj  the  development  of  more  efficient,  more 
economical,  and  cleaner  emission  engines  for  surface  transportation 
systems. 

Since  the  automobile  is  the  principal  mode  of  transportation  in  our 
country,  the  witnesses  we  have  invited  to  testify  on  tliis  bill  will  em¬ 
phasize  research  and  development  of  automobile  engines,  although  the 
langua^  of  the  bill  is  broader  and  encompasses  all  forms  of  ground 
propulsion. 

This  is  the  second  set  of  hearings  on  H.R.  10392.  Early  in  February 
of  this  year,  the  subcommittee  heard  witnesses  chiefly  from  those  Gov¬ 
ernment  agencies  which  have  responsibility  for  the  type  of  R.  &  D. 
work  contemplated  in  this  bill. 

During  the  next  four  meetings  of  the  subcommittee,  we  will  take 
testimony  from  representatives  of  the  automobile  industiy,  independ¬ 
ent  developers,  consultants  and  other  interested  parties. 

Before  introducing  our  first  witness,  I  would  like  to  call  upon  our 
distinguished  colleague  from  California,  Congressman  George  E. 
Brown,  Jr.,  the  author  of  the  proposal  we  have  under  consideration 
today  for  a  few  remarks. 

I  might  say  that  more  than  100  members  of  the  House  have  ioined 
Mr.  Brown  as  cosponsors  of  his  bill,  so  it  is  clear  that  he  has  already 
proved  to  be  a  persuasive  spokesman  for  this  goal. 

Mr.  Browx.  Mr.  Chairman,  I  very  much  appreciate  your  remarks. 
I  am  also  extremely  grateful  for  your  willingness  to  schedule  an  addi¬ 
tional  4  days  of  hearings  on  this  l^islation.  I  think  these  hearings 
will  contribute  to  making  a  powerfully  persuasive  record  in  support 
of  action  by  this  Congress  to  help  us  move  further  in  the  direction  of 
energy  conservation  and  nonpolluting  motive  power  for  ground 
transportation. 

I  have  a  brief  statement  which  I  will  not  read  in  full,  but  I  would 
ask  unanimous  consent  that  it  be  included  in  the  record. 

Mr.  Symington.  It  is  so  ordered. 

STATEMENT  Of  HON.  GEOROE  E.  BROWN,  JR.,  MEMBER  OF  CON¬ 
GRESS  FROM  THE  STATE  OF  CALIFORNIA 

Mr.  Brown.  I  would  like  to  comment  that  I  very  much  regret  that 
we  were  unable  to  have  with  us  this  morning  our  distinguished  col¬ 
league,  the  junior  Senator  from  California,  John  Tunney,  because 
Senator  Tunney  has  already,  using  a  slightly  different  approach  to 
this  problem,  secured  the  passage  in  the  Senate  of  a  major  piece  of 
legislation  which  would  authorize  essentially  the  same  kind  of  program 
we  are  considering  in  this  legislation. 

His  bill  which  would  provide  for  a  major  program  of  grants  and 
insured  loans  from  the  Department  of  Transportation  to  enterprises, 
individuals,  or  corporations  capable  of  doing  research  in  this  field, 
would  have  achieved  somewhat  the  same  purpose  as  this  legislation ; 
namely,  the  encouragement  of  a  massive  program  of  research  and 
development  in  the  field  of  energy  conserving  and  nonpolluting  en¬ 
gines  for  ground  transportation. 


His  legislation  and  mine  differ  in  their  details,  primarily  in  the 
designation  of  NASA,  in  the  case  of  my  legislation,  to  conduct  this 
research  whereas  in  his  bill,  the  designation  of  the  Department  of 
Trans^rtation  to  administer  a  grant  and  loan  insurance  program. 
I  think  it  is  noteworthy  that  his  legislation  has  already  passed  the 
Senate  and  is  before  another  committee  of  this  House.  I  think  this  in¬ 
dicates  the  feeling  of  urgency  which  many  of  us  have,  and  which  I 
believe  is  widely  snared  in  the  Congress,  that  we  do  make  some  prog¬ 
ress  in  solving  the  problems  represented  by  the  present  system  of  au¬ 
tomotive  transportation  in  this  coimtry. 

I  would  hope  that  as  a  result  of  these  hearings  we  could  establish 
a  groundwork  on  which  the  House  of  Representatives  could  determine 
a  policy  for  pursuing  either  the  course  represented  by  my  own  legisla¬ 
tion,  which  lias  been,  as  you  indicated,  coauthored  by  over  100  Members, 
or  a  policy  which  would  lead  us  in  the  direction  of  legislation  which 
has  already  passed  the  Senate,  which  was  authored  by  Senator  Tunney . 

I  have  no  further  remarks,  Mr.  Chairman.  I  will  insert  the  rest  of 
my  remarks  in  the  record. 

Pbepabed  Statement  of  Conobessman  Geoboe  E.  Bbown,  Jb. 

Mr.  Chairman,  thank  yon  for  continuing  the  hearings  on  H.R.  10382.  I  believe 
the  three  days  of  hearings  on  research  on  ground  propulsion  systems  held  by  this 
Subcommittee  last  February,  and  the  four  days  we  begin  today,  will  present  a 
clear  and  overwhelming  case  for  new  legislation  in  this  field. 

I  am  somewhat  concerned  that  administrative  questions  will  obscure  the  fact 
that  the  existing  ground  transportation  system  in  the  United  States  is  near 
collapse.  This  system  is  based  upon  the  private  automobile,  which  itself  is  based 
upon  the  energy-consuming  and  pollutitm-plagued  internal  combustion  engine. 
There  is  a  considerable  body  of  thought,  which  I  share,  that  says  the  existing 
structure  of  the  automobile  industry  is  so  highly  concentrated  and  anticompeti¬ 
tive  that  it  is  capable  of  preventing  changes  in  our  ground  transportation  system 
that  are  perceived  as  deterlmental  to  the  automobile  industry.  Even  if  this  is 
not  the  case,  there  is  serious  doubt  that  voluntary  efforts  by  the  automobile  in¬ 
dustry  alone  to  convert  to  an  alternative  technology  would  succeed,  even  if  such  a 
decision  to  convert  was  made. 

The  history  of  automobile  emissions  controls  is  illustrative  of  the  problem 
we  face.  The  effects  of  emissions  was  known  in  the  early  19^s,  but  genuine 
progress  in  controlling  auto  emissions  did  not  occur  until  after  passage  of  the 
Clean  Air  Act  Amendments  of  1970.  The  progress  under  that  law  has  now  come 
to  a  halt  because  the  Congress  amended  the  law  this  year  to  freeze  the  standards 
for  two  years,  beginning  this  Fall.  The  Congress,  in  an  opinion  that  I  did  not 
share,  believed  that  a  tradeoff  had  to  be  made  between  emissions  controls  and 
fuel  economy.  Now  that  that  decision  has  been  made,  it  is  appropriate  to  ask 
what  will  be  done  with  that  time  extension?  What  progress  will  the  auto  industry 
make  in  achieving  both  emissions  controls  and  fuel  economy? 

The  automobile  industry,  if  it  wished  to  avoid  government  intervention,  should 
have  foreseen  the  need  to  develop  clean  and  eflScient  automobiles  for  mass  pro¬ 
duction.  Instead  they  had  to  be  forced  to  clean  up  their  machines  and  they  may 
have  to  be  forced  to  develop  efficient  machines.  If  the  achievement  of  both  of 
these  goals  at  the  same  time  is  impossible  with  the  existing  internal  combustion 
engine,  which  is  debatable,  then  we  may  have  to  shift  to  other  forms  of  propulsion. 

It  is  in  the  area  of  alternative  technologies  that  the  government  and  the  in¬ 
dustry  have  shown  the  least  interest.  The  greatest  progress  in  alternative  tech¬ 
nologies  has  probably  been  shown  by  private  developers  who  have  managed  to 
do  their  work  with  a  variety  of  funding  sources.  The  federal  role,  as  has  been 
demonstrated  at  our  earliest  hearing,  is  fragmented,  underfunded  and  un¬ 
coordinated. 

Any  alternative  technology  should  be  considered  in  the  total  system  in  which 
it  will  be  used.  Our  entire  transportation  system  needs  to  be  analyzed  and  re¬ 
structured.  The  automobile  industry  may  also  need  to  be  restructured  to  guar- 
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antee  that  the  public’s  interest  is  served.  These  questions  should  concern  us,  but 
we  do  not  need  to  wait  for  them  to  be  resolved  to  undertake  a  program  of  ’.esearch 
and  development.  The  testimony  on  the  record  clearly  establishes  that  high- 
risk  research  and  development  will  not  be  conducted  by  private  Industry.  We  also 
know  that  the  R.  &  D.  phase  is  the  most  time-consuming  aspect  of  any  new 
technology.  This  leadtime  is  being  further  lengthened  by  the  failure  of  the 
government  to  enter  this  field. 

We  all  know  that  we  will  need  more  efficient  automobiles  that  are  non-polluting. 
We  may  have  to  give  up  the  practice  of  burning  oil  in  vehicles  within  the  next 
20  years.  The  Impact  of  the  automobile  upon  the  American  economy  is  too  per¬ 
vasive  and  too  important  to  trust  the  future  of  our  Nation  to  the  decisions  made 
in  Detroit.  We  should  prepare  for  the  future,  while  continuing  to  Improve  the 
present  situation  as  much  as  possible,  ^me  of  the  questions  1  hope  we  answer  in 
the  next  four  days  are : 

t.  What  barriers,  technological,  financial  and  institutional,  exist  in  the  way 
of  alternative  technologies? 

2.  How  can  these  barriers  best  be  overcome? 

3.  What  should  the  role  of  private  Industry  be? 

4.  What  should  the  role  of  government  be? 

5.  What  can  be  done  to  expedite  the  goals  of  achieving  clean  and  efficient 
ground  propulsion  systems  in  both  the  near  and  the  long  term? 

Mr.  Chairman,  this  concludes  my  opening  statement. 

Mr.  Symington.  Thank  you  very  much,  Mr.  Brown.  We  do  re^rret 
that  Senator  Tunney  cannot  be  with  us  this  morning.  But,  of  course, 
we  will  have  ample  opportunity  to  analyze  his  legislation. 

I  would  now  like  to  welcome  another  esteemed  colleague  to  the  wit¬ 
ness  table.  Congressman  Charles  Vanik  of  Ohio,  who  I  believe  has  a 
statement  for  the  committee. 

STATEMEKT  OF  HON.  CHAELES  A.  VANIE,  MEMBEE  OF  CONGEESS 

FEOH  OHIO 

Mr.  Vanik.  Mr.  Chairman  and  members  of  the  committee,  I  appre¬ 
ciate  this  opportunity  to  be  here.  I  am  a  cosponsor  of  Mr.  Brown’s 
legislation  which  I  think  would  lie  of  infinite  help  at  this  time. 

I  believe  it  is  time  we  truly  involved  NASA  on  a  massive  scale  in 
solving  some  of  our  earthbound  problems.  Coming  from  the  Cleve¬ 
land  area  I  have  a  NASA  installation  which  I  have  always  thought 
was  the  best  research-oriented  facility  that  the  Federal  Government 
maintained.  I  never  felt  that  we  have  fully  utilized  the  fine  facilities 
which  were  already  established  by  Government. 

I  think  a  great  deal  can  be  done  and  I  think  the  expertise  of  NASA 
can  really  help  us.  The  Japanese  have  a  rail  institute,  as  you  know, 
which  is  working  on  the  development  of  train  engines  which  can  carry 
loads  at  200  miles  or  more  per  hour.  And  at  the  same  time  we  are  buy¬ 
ing  equipment  from  the  French,  the  French  turbotrains,  to  do  the 
job  for  Amtrak. 

As  the  committee  knows,  I  offered  an  amendment  to  the  NASA 
authorization  bill  on  April  25  providing  for  $2  million  for  hydrogen 
fuel  research.  The  committee’s  report  mentions  some  $655,000  for  re¬ 
search  into  the  use  of  li(]|uid  hydrogen  in  aircraft. 

In  addition,  the  committee  mentioned  research  presently  being  con¬ 
ducted  into  hydrogen  fuel  for  automobiles  by  the  Jet  Propulsion 
Laboratory. 

The  amendment  was  accepted,  but  an  effort  to  carry  that  forward 
into  the  energy  research  and  development  appropriation  bill  failed. 
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although  the  Appropriations  Committee  assured  me  that  greater  em¬ 
phasis  would  be  giv'en  in  the  future  to  hydrogen  fuel  research. 

Mr.  Chairman,  I  would  hope  that  this  bill  could  be  amended  to 
make  special  and  specific  mention  of  the  need  to  consider  hydrogen 
fuel  in  ground  propulsion.  As  presently  worded,  the  bill  seems  to  give 
almost  all  its  emphasis  to  engine  improvement,  adjustment  of  drive 
shafts,  the  placement  of  turbine  blades,  et  cetera. 

I  would  hope  that  this  might  be  increased  so  we  could  consider  new 
forms  of  fuel. 

While  experiments  have  been  conducted  to  show  us  how  we  could 
use  hydrogen  fuel  with  today’s  automobiles,  I  think  most  people  are 
concerned  with  the  problem  of  safety.  But  we  could  use  hydrogen  fuel 
and  develop  it  as  an  alternative. 

Today,  hydrogen  can  be  developed  by  the  expenditure  and  use  of  a 
lot  of  other  ener^,  but  we  have  sources  of  that,  such  as  solar  energy, 
the  thermal  graaients  in  the  ocean,  wind  energy,  and  fusion  energy. 
There  are  a  lot  of  energy  sources  which  are  abundant  and  pollution- 
free  and  which  could  be  converted  into  the  development  of  hydrogen 
energy. 

In  addition,  I  would  like  to  call  the  committee’s  attention  to  the 
fact  that  I  introduced  the  Fuel  Economy  Act  of  1973,  which  I  haye 
not  been  able  to  get  through  my  own  Ways  and  Means  Committee. 
This  is  simply  a  tax  on  inefficient  automobiles,  the  large  automobiles, 
the  heayy  gasoline  consumers  which  give  6  or  7  miles  per  gallon.  I 
think  inefficient  automobiles  are  something  that  Americans  can  no 
longer  afford. 

Of  course,  the  industry  points  to  the  fact  that  the  pollution  devices 
and  other  safety  features  are  the  primary  cause  of  automobile  in¬ 
efficiency,  but  the  fact  of  the  matter  is  that  other  nations  are  producing 
automobiles  that  comply  with  our  air  pollution  standards  and  which 
go  as  fast  as  a  man  ever  needs  to  go — and  still  get  28  to  30  miles  per 
gallon.  And  some  do  better  than  that.  Those  automobiles  are  presently 
available  from  foreign  manufacturers. 

When  we  talk  about  people  who  are  derelict  in  high  places  in  govern¬ 
ment,  I  begin  wondering  about  the  masters  of  the  automobile  in¬ 
dustry,  who  seem  to  be  completely  unaware  of  the  energy  crisis.  As  a 
matter  of  fact,  the  chairman  of  one  of  the  large  corporations  said  last 
September — the  president-  -and  I  have  the  substance  of  his  quote — 
he  said: 

We  are  going  to  keep  this  corporation  in  the  big  car  field  be¬ 
cause  that  is  what  the  American  people  want. 

Well,  as  you  know,  with  the  American  automobiles,  as  with  most 
other  products  on  the  American  market,  people  in  this  country  want 
what  they  are  taught  to  want  and  they  want  what  is  ayailable.  I  have 
been  waiting  for  a  long  time  now — I  am  almost  to  the  limit  of  my 
patience — for  an  energy  efficient  American  automobile  which  can  meet 
our  pollution  standards. 

I  would  hope  that  your  committee  would  investigate  the  feasibility 
of  producing  more  efficient  automobiles  with  existing  technology  and 
evaluate  the  arguments  which  are  made  that  it  cannot  be  done. 

The  EPA  and  the  Departments  of  Transportation  and  Treasury 
all  came  up  with  potential  savings  of  1.4  to  2  million  barrels  of  gasoline 
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within  a  few  years,  if  existing  technoloiry  were  to  be  applied  to  auto 
manufacturing. 

A  NASA  review  of  these  three  studies  would  be  useful.  The  studies 
are  somewhat  different.  They  have  different  methodology  and  they 
came  up  with  a  different  range  of  figures. 

In  addition,  none  of  these  studies  developed  a  great  deal  of  public 
exposure.  A  NASA  study  could  show  how  our  automobiles  could  be 
made  more  efficient  and  would  put  an  end  to  the  endless  attempts  to 
blame  poor  mileage  on  the  EPA  clean  air  regulations. 

Mr.  Chairman,  I  would  like  to  stress  several  other  advantages  of 
the  fuel  economy  excise  tax  proposal  which  I  would  hope  you  could 
support,  in  addition  to  the  Brown  legislation. 

Such  an  excise  tax  could  provide  aggressive  research,  development 
and  construction  programs  m  transportation.  A  recent  study  by  the 
Department  of  the  Treasury  estimated  that  a  fuel  economy  excise  tax 
could  raise  $11.5  billion  over  6  years. 

The  revenue  from  the  tax  would  decline  as  automakers  responded 
with  more  efficient  cars.  Although  revenue  would  be  funneled  into 
the  General  Treasury,  it  is  only  logical  to  dedicate  a  major  portion  of 
these  funds  to  developing  new  transportation  technologies.  We  have 
not  made  any  progress  in  our  efforts  to  establish  a  trust  fund  for  this 
purpose. 

When  I  first  proposed  the  fuel  economy  bill,  it  was  my  hope  to  place 
at  least  a  portion  of  these  revenues  in  an  energy  researcn  and  develop¬ 
ment  trust  fund. 

I  sincerely  believe  that  if  we  had  put  a  trust  fund  into  effect  as  soon 
as  the  crisis  started,  if  we  had  had  the  flexibility,  we  would  have  had 
about  $5  billion  in  that  f  imd  already. 

One  other  point  I  want  to  make.  The  fuel  efficiency  amendment 
would  have  another  'benefit.  In  addition  to  saving  energy — 1  to  1.5  mil¬ 
lion  barrels  per  day  by  1980 — we  would  be  buying  time  to  develop 
transportation  alternatives. 

Mr.  Chairman,  it  would  be  the  height  of  folly  to  continue  to  trust 
our  transportation  future  to  the  narrow  interests  of  the  auto  industry. 
There  is  no  effective  alternative  to  congressional  leadership. 

Both  a  fuel  economy  tax  and  an  aggressive  transportation  research 
program  can  provide  the  keystone  for  an  innovative  Federal  trans¬ 
portation  policy.  I  just  want  to  say  one  other  thing  today.  I  think  your 
committee  has  generally  been  very  restrained  in  moving  forward  in 
setting  forth  the  funding  and  requ^ing  the  funds  which  arc  necessary 
to  do  this  work.  I  want  you  to  know  that  at  this  very  moment  they  are 
granting  contracts  “harum-scarum”  in  the  Energy  Office  to  almost 
anyone  who  walks  in.  It  is  almost  like  a  Hecht’s  basement  sale. 

I  do  not  believe  they  are  all  concerned  about  the  money  which  is 
^ing  spent.  I  think  most  of  it  is  oriented  to  the  petroleum  and  coal 
indi^ry,  completely  ignoring  these  alternative  forms  of  energy. 

It  seems  to  me  that  when  we  look  at  the  record  and  see  what  tre¬ 
mendous  sums  are  currently  being  spent  for  research  in  the  coal  and 
in  the  oil  area  and  how  little  is  spent  in  the  rest  of  the  spectrum  that 
we  can  see — I  think  it  is  a  definite  effort  to  compel  our  Government 
to  concentrate  on  these  two  sources  to  the  detriment  of  the  many 
alternatives  which  are  available  in  the  other  fields.  I  look  upon  Mr. 
Brown’s  legislation  and  the  work  of  your  committee  as  an  alternative 
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balance.  I  think  if  anything  is  going  to  be  done  really  with  respect  to 
the  other  forms  of  ener^  that  it  will  have  to  be  done  by  your  com¬ 
mittee  and  through  the  NASA  structure,  because  I  just  do  not  believe 
that  these  alternatives  are  going  to  receive  very  much  consideration 
by  those  who  are  disbursing  the  millions  and  millions  of  dollars  com¬ 
ing  out  of  the  Federal  Energy  Office. 

[The  complete  prepared  statement  of  Congressman  Vanik  follows:] 

Tcstikoitt  of  Conobessmait  Chables  a.  Vanik  (Ohio)  Befobe  the  Subcom¬ 
mittee  ON  Space  Science  and  Appiicationb  of  the  House  Science  and  Astbo- 

NAuncs  Committee 

Mr.  Chairman,  Monbers  of  the  Cimuntttee : 

I  appreciate  this  <H>portiiiilty  to  present  testimony  on  H.R.  10892,  a  bill  to 
conduct  research  and  to  develop  ground  propulsion  systmns  which  would  serve 
to  reduce  the  cnrrmit  level  of  miergy  consumption. 

I  believe  that  It  Is  time  that  we  truly  Involved  NASA — an  a  massive  scale — 
In  solving  more  of  our  earth-bound  problems.  Coming  from  the  Cleveland,  Ohio 
area,  I  am  aware  of  the  enormous  potential  of  NASA  scientists,  engineers,  and 
technicians  to  help  solve  pollution  and  mergy  problems.  As  you  know,  the  NASA 
Lewis  facility  near  Cleveland  has  been  substantially  engaged  In  research  on  air 
pollution,  noise  pollution,  and  new  forms  of  energy.  Much  of  our  new  research 
on  wind  power  Is  being  conducted  out  of  Lewis. 

Vet  I  believe  that  a  great  deal  more  should  and  can  be  done,  (^rtalnly  one 
of  the  most  Important  areas  to  use  NASA  expertise  is  in  ground  propulsion  sys¬ 
tems  research  and  devel<g>ment  The  Japanese,  for  example,  have  a  Ball  In¬ 
stitute  and  have  devidoped  train  engines  that  can  carry  loads  at  two  hundred 
miles  per  hour  and  more.  Vet  the  United  States  has  just  spent  $18  million  to 
buy  French  turbo  train  engines  for  Amtrak.  It  certainly  seems  to  me  that  if  we 
can  provide  leadership  in  space,  we  can  provide  a  good  deal  of  leadership  in 
ground  transportation  and  NASA  can  h^p  lead  the  way. 

As  the  Committee  knows,  I  offered  a  floor  amendment  to  the  NASA  authorisa¬ 
tion  bill  on  April  2Sth  providing  a  speciflc  $2  million  for  hydrogen  fuel  research. 
The  Committee’s  report  to  the  NASA  authorization  bill  mentioned  some  $655,000 
for  research  Into  the  use  of  liquid  hydrogen  in  aircraft  In  addition,  the  Com¬ 
mittee  mentioned  research  presently  being  conducted  into  hydrogen  fuel  for 
automobiles  by  the  Jet  Propulslcm  Laboratory. 

The  amendment  was  accepted,  but  an  effort  to  carry  that  forward  into  the 
Bnergy  Research  and  Development  Ai^ropriation  bill  failed,  although  the  Ap¬ 
propriations  (Committee  assured  me  that  greater  emifliasis  would  be  given  in  the 
future  to  hydrogen  fuel  research. 

Mr.  Chairman,  I  would  hope  that  this  bill  could  be  amended  to  make  special 
and  speciflc  mention  of  the  need  to  consider  hydrogen  fuel  in  ground  propulsion. 
As  presently  worded,  the  bill  seems  to  give  almost  all  its  emphasis  to  engine  im¬ 
provement,  adjustment  of  drive  shafts,  the  placement  of  turbine  blades,  etc.  I 
would  hope  that  the  bill  would  make  clear  the  fact  that  new  engines  and  adopted 
engines  which  can  use  new  forms  of  fuel  would  also  be  supported  by  this  legis¬ 
lation. 

While  experiments  have  been  conducted  showing  how  today’s  automobiles  can 
be  adopted  to  hydrogen  fuel,  a  number  of  problems  must  be  solved.  In  particular, 
I  think  it  is  important  that  the  committee  bill  stress  the  importance  of  safety. 
When  most  Americans  think  of  hydrogen  as  a  fuel,  they  recall  pictures  at  the 
Hlndenburg  exploding  and  burning  over  Lakehurst,  New  Jersey.  Hydrc^n  will 
not  be  accepted  as  a  common  fuel  until  people  know  and  believe  that  it  can  be 
used  saftiy. 

Today,  hydrogen  can  generally  only  be  obtained  by  the  expenditure  of  a  large 
amount  of  energy.  But  In  the  near  future.  I  believe  that  the  use  of  solar  energy. 
Including  the  use  of  thermal  gradients  in  the  oceans,  and  fusion  energy  can  make 
a  hydrogen  fuel  society  possible.  We  should  prepare  now  to  know  how  to  use  pol¬ 
lution-free  hydrogen  in  our  ground  propulsion  systems. 

Mr.  C^lrman,  in  addition  to  stressing  hydrogen  fuel  use  and  safety,  I  would 
like  to  make  brief  reference  to  other  proposals  designed  to  Increase  the  efficiency 
of  autombbUes. 

In  May  of  last  year,  I  introduced  the  Fuel  Economy  Act  of  1973.  Under  this 
legislation,  the  automobile  industry  for  the  flrst  time  would  be  provided  an  incen- 
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tive  to  make  tbeir  cars  efficient.  The  technique  for  creating  thU  incentive  is 
simpie :  a  f^eral  excise  tax  would  be  imposed — beginning  in  model  year  1^ — 
on  all  new  cars  with  an  efficiency  under  20  miles  per  gallon.  The  tax  would  be 
graduated  so  that  the  more  inefficient  cars  would  pay  a  higher  tax.  With  this 
tax  in  place,  the  Big  Fbur  would  have  a  direct  and  continuing  Incentive  to  im¬ 
prove  the  fuel  efficiency  of  their  automobiles.  Other  members  have  introduced 
bills  slmidy  requiring  that  autos  meet  a  certain  efficiency  lev^  by  a  certain  date. 

I  would  hope  that  the  Committee  could  stress  the  importance  of  such  pro¬ 
posals.  Perhaps  reference  could  be  made  to  the  need  for  these  bills  in  the 
Committee’s  Report  on  H.R.  10892.  As  an  alternative,  perhaps  H.B.  10392 
could  be  amended  to  mandate  a  scientific  study  or  report  by  NASA  on  the 
feasibility  of  more  efficient  automobiles.  Specifically,  as  the  Committee  knows, 
there  have  been  three  major  Federal  agency  reports  on  automobile  efficiency. 
EPA,  Treasury,  and  the  Department  of  Transportation  all  came  up  with  po¬ 
tential  fuel  satdngs  of  1.4  to  2.0  million  barrels  of  gasoline  per  day  within  a 
few  years  if  existing  technology  was  applied  to  auto  manufacture.  A  NASA 
review  of  these  three  studies  would  be  useful  because  the  studies  used  some¬ 
what  different  methodologies  and  did  come  up  with  a  range  of  figures.  In 
addition,  none  of  the  studies  received  a  great  deal  of  public  exposure.  A  NASA 
study  could  show  how  our  autos  could  be  made  more  efficient — and  would  put 
an  end  to  the  endless  attempts  to  blame  poor  mileage  on  EIPA  Clean  Air 
regulations. 

Mr.  Chairman,  I  would  like  to  stress  several  other  advantages  of  the  fuel 
economy  excise  proposal.  Such  an  excise  tax  could  provide  a  convenient  and 
responsible  way  in  which  to  fund  an  aggressive  research,  development  and  cor- 
structlon  program  in  transportation.  A  recent  staff  study  by  the  Department  oi 
Treasury  estimated  that  a  fuel  economy  excise  tax  could  raise  over  $11.5  bil¬ 
lion  over  six  years.  The  revenue  from  the  tax  would  decline  as  the  auto¬ 
makers  responded  with  more  efficient  cars.  Although  revenue  from  this  tax 
would  be  funneled  to  the  general  revenues  of  the  Treasury,  it  is  only  logical 
to  dedicate  a  major  portion  of  these  funds  to  developing  and  constructing  new 
transportation  technologies.  We  may  want  to  consider  the  establishment  of  a 
trust  fund  for  this  purpose. 

In  addition,  the  fuel  efficiency  amendment  would  have  another  benefit.  By 
saving  significant  amounts  of  energy — between  1  and  1.4  million  barrels  a 
day  by  1980 — we  will  be  buying  time  to  explore  and  develop  new  transportation 
alternatives. 

Mr.  Chairman,  it  would  be  the  height  of  folly  to  continue  to  trust  our  trans¬ 
portation  future  to  the  narrow  Interests  of  the  auto  Industry.  There  is  no 
effective  alternative  to  congressional  leadership.  Both  a  fuel  economy  tax  and 
an  aggressive  transportation  research  program  can  provide  the  keystone  for 
an  Innovative  Federal  transportation  policy. 

Mr.  Symington.  Thank  you  very  much,  Mr.  Vanik. 

Mr.  Downing? 

Mr,  Downing.  Thank  you,  Mr.  Chairman.  It  is  always  a  pleasure  to 
have  our  friend  and  colleague  from  Ohio  with  us.  I  think  you  have 
made  an  extremely  fine  statement.  What  is  the  source  of  hydrogen  ? 

Mr.  Vanik,  It  is  derived  from  water,  H2O.  You  separate  it  from 
water.  It  is  as  abundant  as  water.  The  trouble  is  it  takes  energy  to  create 
hydrogen  fuel,  but  if  we  can  develop  low  cost  available  sources  of 
energy  through  solar  energy  or  through  tidal  or  thermal  gradients  to 
do  it,  then  we  develop  a  low-cost  source  of  energy  to  develop  the  energy 
we  need. 

It  is  a  conversion  process.  Hydrogen  energy  is  a  secondary  fuel. 

Mr,  Downing.  Do  we  have  the  technology  now  to  extract  hydrogen 
from  water? 

Mr.  Vanik.  Yes.  We  are  doing  it,  but  not  economically.  The  whole 
problem  is  one  of  economics,  but  I  think  there  is  a  solution  to  the 
problem.  It  can  be  done  in  the  conventional  automobile.  It  will  burn 
like  gasoline.  It  has  to  be  stored  diffei^  itly.  There  may  be  a  different 
type  of  tank,  but  the  present  engine  can  bum  hydrogen  fuel  and  has 
demonstrated  the  capacity  to  do  it. 
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Mr.  Downing.  Mr.  Chairman,  a  little  aside. 

The  witness  and  I  bought  the  same  type  of  American  automobile  in 
1965  and  are  still  operating  it  today.  And  although  we  are  polluting 
the  atmosphere  by  today’s  standards,  we  would  not  give  up  this  1965 
automobile  and  will  not  until  it  falls  apart. 

Mr.  Vanik.  I  am  maintaining  it  with  vigilance  and  care,  but  on  my 
1965  Ford  I  ^  24  to  25  miles  per  gallon  with  a  lot  of  safety.  It  is  a 
heavy  car.  It  is  a  straight  line  six-cylinder  enmne.  And  it  is  perfectly 
wonderful.  The  industry  has  all  of  the  research.  They  have  all  of  these 
engines  in  storage  in  their  museums,  and  all  they  have  to  do  is  bring  out 
a  1938  motor  and  put  some  air  pollution  devices  on  it  and  we  can  get 
about  24  miles  to  the  gallon.  But  that  would  change  the  dynamics  of 
the  high-compression  engine  in  which  there  is  a  considerable  invest¬ 
ment.  They  have  to  amortize  that  investment.  So  I  would  recommend 
to  our  automobile  makers  that  we  sell  those  cars  to  the  Saudi  Arabians. 

Mr.  Downing.  You  are  not  thinking  of  putting  any  pollution  control 
devices  on  your  1965  automobile,  are  you  ? 

Mr.  Vanik.  I  do  not  think  it  pollutes  that  much.  I  am  reminded  of 
some  of  the  1914  Allis-Chalmers  equipment  which  was  tested  and 
proved  to  meet  the  pollution  standard  of  today.  It  was  just  a  different 
kind  of  engine.  I  tlmk  the  tremendous  contribution  to  pollution  came 
with  the  high-compression  engine. 

I  think  it  is  the  sort  of  thing  we  ought  to  do.  We  ought  to  submit 
our  automobiles  to  an  EPA  test.  I  do  not  think  they  would  rate  as 
badly  as  you  might  suspect.  Of  course,  perhaps  with  an  older  car  you 
are  probably  burning  cheaper  fuel  and  low-cost  oil.  But  my  oil  wn- 
sumption  is  absolutely  negligible  in  my  automobile,  just  as  low  as  it  is 
in  my  new  automobile. 

Mr.  Downing.  Thank  you. 

Mr.  Symington.  When  you  get  ready  to  sell  those  cars  let  the  com¬ 
mittee  know.  [Laughter.] 

Mr.  Downing.  We  will  not  sell  them. 

Mr.  Symington.  Regarding  your  reference  to  hydrogen  fuel  devel¬ 
opment,  I  would  like  to  call  on  Mr.  Brown,  because  I  know  he  has 
high  on  his  list  of  priorities  the  develimment  of  hydr^en  fuel  propul¬ 
sion.  We  visited  the  Jet  Propulsion  Laboratory  in  California  to  see 
their  experiment.  I  believe  the  Brown  bill  is  broad  enough  to  include 
such  things. 

Mr.  Brown? 

Mr.  BRow^.  Thank  you,  Mr.  Chairman.  I  am  glad  you  made  that 
point  about  the  bill.  I  construe  the  bill  to  be  broad  enough  in  its  lan¬ 
guage  to  include  a  NASA  mandate  in  the  field  of  fuels  as  well  as  in 
the  mechanics  of  engines.  And  if  it  is  not,  I  assure  the  gentleman  we 
will  broaden  it  so  as  to  do  that. 

Mr.  Vanik.  Do  you  have  a  specific  reference  to  the  language  which 
would  do  that  ?  That  might  be  section  207,  would  it  ? 

Mr.  Brown.  Yes. 

Oround  propulsion  systems  which  are  energy  conserving  with  clean  emission 
characteristics  and  are  capable  of  being  produced  in  large  numbers.  The  admin¬ 
istration  shall  conduct  research  on  alternative  sources  for  use  of  energy  systems. 

Mr.  Vanik.  I  was  just  hoping  that  hydrogen  fuel  would  be  men¬ 
tioned  because  it  is  adaptable  to  the  present  engines.  Mayhe  you  could 
do  that  in  legislative  history  or  some  other  way. 
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Mr.  Brown.  We  can  do  that  or  we  can  cite  it  as  an  example  of  alter¬ 
native  fuels.  I  should  ^int  out  to  the  mntleman,  as  the  chairman 
indicate,  that  part  of  we  research  now  being  done  by  NASA  is  in 
the  field  of  hydrogen  fuels. 

The  experiment  which  we  witnessed  at  the  Jet  Propulsion  Labora¬ 
tory  was  a  new  method  for  onboard  generation  of  hydrogen  from  gaso¬ 
line.  A  portion  of  the  gasoline  would  be  converted  to  hydrogen  which 
would  then  be  injected  into  the  engine  with  consequent  improve¬ 
ments  both  in  mileage  and  pollution.  There  are  several  ways  of  gener¬ 
ating  hydrogen.  One  is  the  one  which  you  mentioned  from  water  by 
electrolysis  or  other  means. 

OrSER  METHODS  EXIST 

One  of  those  other  methods  is  being  used  at  JPL.  And  the  cost  factor 
is  reasonable,  I  might  say  so. 

I  am  impressed  by  your  testimony,  Mr.  Vanik,  and  particularly  the 
last  paragraph  which  I  think  capsulizes  the  problem  which  fa(^  us 
here.  There  is  no  effective  alternative  to  congressional  leadership,  as 
you  say. 

Our  problem,  I  am  sure  you  would  concur,  is  that  the  broad  policy 
aspects  involving  meeting  our  energy  situation  as  well  as  many  at 
our  other  situations  are  fragmented  into  an  number  of  committees. 
Your  own  bill  having  to  do  with  an  excise  tax  on  fuels  I  think  should 
be  a  key  Ingredient  to  any  overall  ener^  policy. 

There  should  also  be  a  role  for  the  Department  of  Transportation 
and  a  role  for  the  re^rch  and  development  expertise  of  Lewis  Labo¬ 
ratory  in  your  own  district,  and  the  other  facilities  of  NASA.  But  each 
of  these  separate  phases  of  the  problem  is  being  considered  by  a  differ¬ 
ent  group  of  Congressmen  with  different  ideas.  It  has  not  been  pos¬ 
sible  to  bring  these  ti^ether  into  a  policy  package. 

Now,  as  I  said  at  the  beginning,  it  is  my  hope  that  by  establishing 
a  record  here  which  lays  stress  on  the  overall  policy  needs,  we  may 
be  able  to  generate  in  part  the  momentum  to  Imve  the  Congress  act 
resp<Hisively  as  I  believe  thev  should. 

I  am  not  as  familiar  with  the  Lewis  facility  as  you  are,  but  it  has 
been  reported  to  me  that  they  are  engaged  in  a  number  of  types  of 
research  which  would  be  applicable  to  the  development  of  improved 
engines,  including  the  external  combustion  engine. 

Mr.  Vanik.  Right,  fuels  research  for  external  combustion  engine. 

Mr.  Brown.  I  will  just  reiterate,  because  you  mentioned  it  several 
times,  that  if  the  bill  is  not  suffidently  bro^  in  its  Ifuiguage  to  in¬ 
clude  the  development  of  alternative  fuels.  I  feel  sure  the  committee 
would  want  to  do  that,  Mr.  Vanik.  And  we  will  try  to  clarify  that 
langua^ 

Mr.  VANIK.  I  might  say,  while  I  still  have  this  opportunity  here 
with  my  colleagues,  that  I  would  like  to  address  your  attentimi  to  the 
fact  that  we  are  dealing  with  energy  windfall  taxation  later  next  week. 
I  am  endeavoring  to  increase  the  reveneue  fran  that  legislation  by 
several  billion  dollars.  I  feel  that  really  it  is  just  unfortunate  that 
whatever  we  create  does  not  go  into  a  trust  fund  to  help  solve  the 
energy  problem.  I  have  problems  selling  my  colleagues  on  the  Ways 
and  Means  Committee  (m  the  concept  of  a  trust  fund  to  develop  the 
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sources  of  money  for  tViio  kind  of  resesrch.  I  think  the  money  ou|^t 
to  be  earmarked,  and  I  do  not  think  we  will  really  make  any  real  prog¬ 
ress  in  solving  the  energy  problem  unless  we  do  earmark  somehow  or 
another  substantial  sums  of  money  to  solve  the  problem.  I  wouM  say 
your  legislation  is  conservative  on  its  money  request.  I  think  you  will 
probably  find  the  House,  and  the  Oongiess  as  a  whole  lec^^ve  to 
^nding  more  money  for  what  you  seek  to  do  because  we  nave  to 
do  it  to  solve  the  problem. 

Mr.  Bbown.  I  might  say,  Mr.  Vanik,  that  the  bill  by  our  colleague, 
Senatw  Tunney,  does  provide  for  substantially  more  money  than  we 
are  ocmsidering  here. 

Let  me  ask  you  just  one  general  question  having  to  do  with  the 
mechanics  here.  We  have  heard  earlier  testimony  from  administration 
witnesses  who  generally  take  the  view  that  insofar  as  this  relates  to 
energy  conservation  in  that  large  component  of  our  society  which  deals 
with  transportation  that  it  is  a  function  more  of  the  propo^  ERDA 
or^mi^tion,  the  Ener^  Research  and  Development  Ac^inistration, 
which  is  in  the  process  of  being  established. 

I  do  not  thi^  the  committee  would  raise  any  major  objections  to 
this.  We  have  handled  other  types  of  bills  to  which  the  same  objection 
was  raised  by  inserting  a  clause  to  the  effect  that  when  ERDA  is 
established  the  lead  fimction  would  be  transferred  to  ERDA  with, 
of  course,  the  basic  research  still  being  done  in  the  NASA  laboratory. 
Would  you  see  any  problems  with  this  kind  of  approach  ? 

Mr.  Vanik.  My  only  fear  about  the  ERDA  structure  is  that  it  is 
pretty  much  weighted  to  the  development  of  energy  based  on  nuclear, 
oil,  and  coal.  This  is  the  whole  problem  with  it.  It  seems  to  be  designed 
in  that  direction.  Those  are  the  propelling  forces.  I  feel  that  within 
government  we  can  have  competing  programs.  I  think  this  is  the  way 
you  get  rraults  when  you  can  see  which  agencies  are  oriented  to  doing  a 
more  flexible  job.  My  concern  about  the  ERDA  organization  is  that 
it  is  oriented  too  much  to  the  traditional  answers  to  the  problems.  I 
do  not  know  how  you  can  change  that  by  its  basic  structure.  What 
is  being  put  together  in  ERDA  will  be  heavily  weighted  toward  doing 
the  conventional  things  and  putting  reliance  on  conventional  forms  of 
energy  rather  than  having  the  ingenuity  and  the  flexibility  to  move  into 
new  ener^  forms,  as  I  think  we  can  under  your  legislation  and  with 
the  NASA  program. 

Mr.  Bbown.  There  is  one  other  thing  I  would  like  to  ask  you  to  com¬ 
ment  on.  There  is  another  kind  of  weighting  which  is  beginning  to 
bother  me.  We  have  had  indications  that  the  Office  of  Management  and 
Budget  is  opposed  to  a  Federal  role  in  this  whole  field. 

Mr.  Vanik.  We  have  to  change  that  office.  I  do  not  know  how  you 
can  do  it. 

Mr.  Bbown.  Not  oidy  have  tirey  suggested  that  a  very  limited  amount 
of  existing  funds  which  are  going  into  research  on  propulsion  systems 
and  new  fuels  is  unnecessaiy  but  they  have  even  tried  to  eliminate  the 
research  which  I  mentioned  earlier  at  the  Jet  Propulsion  I^boratoiy 
suggesting  that  if  it  were  to  be  continued  it  would  be  funded  from 
private  contributions  of  the  automobile  companies  or  be  done  by  them. 

What  is  your  reaction  to  that  kind  of  an  attitude  ? 

Mr.  Vanik.  I  do  not  think  it  is  a  realistic  solution  to  our  problems, 
and  I  think  we  have  to  do  whatever  we  can  to  bring  our  iimuence  to 


bear  on  the  Office  of  Managem^t  and  Budget  I  sometimes  feel  there 
is  a  hostility  in  Government  to  solving  problems.  And  that  Office  has 
been  a  very  difficult  one  to  deal  with.  1  think  we  have  to  put  some  con¬ 
gressional  mandates  on  that  Office.  It  is  the  fourth  branw  of  Govern¬ 
ment  We  have  to  put  some  restraining  forces  on  it  1  think  that 
Office  was  designed  to  make  Government  moro  efficient  and  not  to  mold 
poliOT  as  heavily  as  it  does. 

It  nas  more  influence  and  power  than  535  Members  of  Congress.  1 
fra^y  feel  that  weighting  that  Office  with  that  much  power  over 
policy  is  a  very  serious  matter  which  has  to  be  corrected  in  the  new 
Congress  and  as  we  move  toward  more  cimgressional  leadership. 

It  ve^  often  operates  as  an  obstruction  to  congressional  planning 
and  desires  to  develop  progressive  legislation. 

Mr.  Bbown.  Just  one  Anal  comment  I  would  like  to  make.  The  most 
energy  efficient  form  of  human  transportation  is  the  bicycle.  And  I 
want  to  assure  you  that  under  this  legislation  we  could  conduct  re¬ 
search  on  improved  bicycles. 

Mr.  Vanik.  I  want  to  tell  you  about  a  problem  which  has  occurred 
m  my  office.  One  of  my  interns  the  other  day  was  riding  his  bicycle 
in  Gmrgetown  and  he  got  the  wheel  into  a  car  track  out  there.  He  is 
now  in  the  hospital  in  rather  critical  condition.  So  that  is  another 
aspect  of  bicycle  riding.  It  frightens  me  to  put  many  bicycles  on  the 
streets  which  may  be  hi^rdous. 

Mr.  Bbown.  This  empluisizes  the  problraa.  We  need  to  design  a  sys¬ 
tem  of  transportation  which  is  safe  for  bicycles. 

lib.  Stminoton.  Just  to  recapitulate:  The  main  reason  we  are 
having  these  hearings,  and  the  reason  for  many  other  similar  hearings 
on  the  Hill  st«ns  from  the  realization  that  in  the  1980’s  the  disparity 
between  our  fuel  needs  and  fuel  supplies,  especially  from  the  Mddle 
East,  will  be  very  great.  Evidently  dependence  on  the  Middle  East  will 
be  very  great  regardless  of  the  steps  we  take.  We  want  to  minimize 
t^t  dependence,  and  one  of  the  ways  to  do  it  is  to  get  energy  alterna¬ 
tives,  and  the  other  way  is  to  stop  the  waste  of  fossil  fuels. 

So  we  asked  the  Department  of  Transportation  what  they  thought 
of  Mr.  Brown’s  bill,  and  what  they  thought  their  obligations  were  with 
respe<^  to  the  automobile  industry.  They  testified  they  think  it  is  up  to 
Detroit  to  make  the  innovations  necessary  to  conserve  fuel.  That  was 
the  thrust  of  their  testimony. 

We  read  your  testimony  and  you  seem  to  say  that  it  is  folly  to 
continue  to  trust  our  transportation  future  to  the  narrow  interests  of 
the  auto  industry.  The  Department  of  Transportation  apparently  be¬ 
lieves  that  the  automobile  industry  even  in  its  narrow  mterests  will 
som^ow  address  itself  to  the  needs  of  the  1980’s.  You  are  skeptical.  1 
might  add  that  we  are  skeptical.  You  have  suggested  one  approach 
which  might  stimulate  the  auto  industry  to  consider  this  type  of 
research,  and  that,  of  course,  is  a  tax  on  the  inefficient  automobile. 

So  perhaps  that  ought  to  be  restudied  in  the  Ways  and  Means  Com¬ 
mittee.  In  the  meantime,  of  course,  we  will  have  a  chance  to  hear  from 
the  auto  industry  as  to  how  they  would  propose  to  analyze  the  problems 
to  handle  these  problems  in  coming  decades. 

Mr.  Vanik.  Thank  you  very  much  Mr.  Chairman. 

The  country  was  dependent  on  whale  oil,  as  you  know,  in  the  early 
part  of  the  lart  century.  Smneone  sent  me  a  story  about  it.  When  the 
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£rice  for  whale  oil  went  up  to  the  moon,  we  developed  the  use  of  petro- 
lum  as  an  intemative  and  destroyed  the  need  for  dependency  on 
whales.  I  feel  the  same  thii^  will  happen  to  petroleum.  I  am  quite 
satisfied  that  we  are  being  ffiven  to  developing  an  ingenuity  which 
will  make  the  oil  of  the  Middle  Blast  irrelevant. 

I  am  certain— just  as  certain  as  I  am  here — it  may  not  happ^ 
in  my  time  and  it  mav  not  happ»i  for  the  comfort  of  the  people  in 
this  generation  or  pernaps  the  next,  but  I  do  think  that  those  people 
who  feel  the  world  will  be  permanently  dependent  on  their  petroleum 
supply  may  some  time  be  awakened  to  the  fact  that  they  have  an 
asset  that  is  not  quite  as  valuable  as  they  thought.  I  am  sure  we  can 
develop  alternatives. 

Mr.  Symington.  Tne  question  of  relevance  is  only  relevant  for  the 
next  few  years,  and  then  it  will  all  be  gone.  So  we  have  to  think 
about  that.  I  am  sure  that  is  within  your  lifetime,  Mr.  Vanik. 

Mr.  Vanik.  I  hope  so. 

Thank  you  very  much,  Mr.  Chairman. 

Mr.  Symington.  Our  next  witnesses  are  Mr.  Carl  E.  Nash  and  Mr. 
Clarence  M.  Ditlow  of  the  Public  Interest  Research  Group,  a  Wash¬ 
ington,  D.C.,  organization  which  is  headed  by  Mr.  Ralph  Nader. 
Welcome  to  you  gentlemen.  I  understand  Mr.  Nash  has  prepared  a 
statement.  You  may  proceed. 

Statement  of  Gabl  B.  Nabr  ahd  Ciabencb  M.  Dmow 

Mr.  Chairman  and  dlstlngnlahed  membera  of  the  Honse  gnbcommlttee  on 
Space  Science  and  Applications,  we  appreciate  being  invited  to  present  onr 
views  on  B.R.  10392.  I  am  Carl  Narii,  a  physicist,  and  this  Is  Clarence  M. 
Ditlow,  an  attorney.  We  are  members  of  the  Pnblic  Interest  Research  Oronp, 
an  aasociation  of  lawyers  and  scientists  founded  by  Mr.  Ralph  Nader  in  1970. 

The  automobile  and  ground  tran$^rtation  vehicle  industry  is  <me  which  can 
claim  few  technological  advances  outside  those  that  make  production  of  snch 
vehicles  more  efficient  and  economical.  Since  the  1930’s,  the  only  important 
Innovatlona  that  have  been  incorporated  into  new  cars  are  air  bags  for  occupant 
crash  protection,  catalytic  type  exhaust  emission  convertors,  and  stratlfled  charge 
piston  engines.  The  first  of  these  was  introduced  on  a  very  limited  basis  this 
year  by  General  Motors,  and  the  second  will  be  found  on  most  domestic  cars 
to  be  marketed  this  faU.  The  third  will  be  found  only  on  the  Japanese  Honda 
Civic  next  year.  The  Wankel  engine  configuration  that  is  currently  used  in 
foreUm  cars  was  actually  inverted  in  the  IfiSO’s  although  the  first  practical 
Wankel-powered  car  was  not  produced  until  the  1950’bi  None  of  these  innova¬ 
tions  vras  invoited  or  given  initial  development  by  one  of  the  four  major  auto¬ 
makers  in  the  U.S. 

The  automobile  of  today  is  different  In  degree  but  not  in  kind  from  the  auto¬ 
mobile  of  1940.  This  technological  sameness  is  a  reflection  of  the  structure  of  the 
scientific  and  engineering  functions  of  the  auto  companies.  Compared  with  most 
other  major  U.S.  industries,  the  auto  industry  puts  a  very  small  part  of  Its  in¬ 
come  Into  research  and  baMc  development  work.  The  industry  has  also  tradi¬ 
tionally  shifted  the  bard«i  of  such  work  on  to  Its  s'upi^iers  so  that  they  have 
made  the  important  advances  in  electrical  systems,  tires,  glass,  occupant  restraint 
systems,  and  brakes.  It  is  only  because  General  Motors  owns  so  many  of  its  own 
suppliers  that  GM  can  be  credited  with  a  fair  amount  of  this  research  and  de¬ 
velopment  work.  The  Ford  Motcw  Company  is  the  only  one  of  the  big  four  that 
operates  a  major  laboratory  devoted  to  basic  science,  and  that  laboratory  is  small 
compared  with  the  major  sdentiflc  laboratories  such  as  those  of  the  Beil  system 
or  General  Electric. 

Even  mass  transit  vehicles  of  today,  often  touted  for  their  tedinologlcal 
advances,  are  not  so  different  from  those  of  decades  ago.  The  new  Metrbbnses 
are  as  little  different  from  city  buses  of  the  1980’g  as  are  today’s  cars  from  the 
cars  (ff  the  IMO’s.  The  Bay  Ai^  Btq>id  Transit  system  still  uses  sted  rails,  stehl 
whe^  and  dectric  moton  Just  as  ^d  subways^ff  9fty  years  ago.  'Die  contnA 


system  for  tbe  BABT  system  borrowed  heavily  from  the  technology  of  the  ele¬ 
vator  induatiTi  and  then  has  been  shown  to  have  a  critical  defect  in  the  detection 
of  the  posltloa  of  stationary  trains. 

To  get  a  standard  of  comparison  for  technological  development,  one  need  only 
look  at  the  space  program  or  the  television  and  electronics  industry. 

Yet  tbe  auto  cmnpanles  do  spend  a  condderable  amount  of  their  income  on 
superficial  redesign  of  their  products  and  on  ifiant  conversion.  In  1973,  for  ex¬ 
ample,  Chrysler  spent  $400  million  on  tooling  and  equipment  for  the  redesign  of 
its  full  slae  car  lines,'  cars  that  have  since  become  a  glut  on  the  market  This 
kind  iof  expenditure  Is  tyidcal  of  the  money  spent  on  advancing  the  game  of 
trivial  product  differentiation  and  superdlions  model  develoiunent  to  artificially 
stimulate  consumer  demand. 

The  annual  style  change  is  even  more  Insidious  than  It  first  ai^ars  because 
It  also  serves  as  an  entry  barrier  to  new  c(Hni)etitlon.  Bradford  Snell  has  esti¬ 
mated  that  due  to  the  annual  style  change  and  the  need  to  produce  around 
300,000  similar  vehicles  to  achieve  economies  of  scale,  the  investment  needed  to 
enter  the  domestic  auto  market  is  $779  million  of  which  $724  million  would  be 
needed  to  provide  annual  style  change  capability.* 

Recent  plant  conversions  for  the  production  of  smaller  cars  have  been  accom¬ 
plished  at  a  cost  of  'between  $50  and  $100  million  each  with  the  current  orgy  of 
such  conversions  estimated  to  cost  between  $4  and  $6  billion.* 

Yet  this  industry  <daims  to  spend  money  on  the  order  of  millions  and  tens  of 
millions  of  dcdlars  each  year  for  fundamental  research  and  development  work 
into  new  safety,  emission  control,  and  new  power  plant  technology.  Much  of  this 
work,  such  as  cm  the  Wankel  engine,  stratified  charge  engine,  turbines,  and 
Stirling  engine  is  based  on  old  or  borrowed  technology,  sometimes  paid  for  at  a 
cost  in  excess  of  the  probable  cost  of  original  research  and  develoiunent  work.* 

Ihe  industry’s  inflated  quotations  on  the  amounts  spent  on  emission  controls 
and  safety  account  for  money  spent  on  specific  applications  and  emissions  and 
safety  certification  work,  almost  none  of  which  advances  tbe  technology  sig¬ 
nificantly.  The  lion's  share  of  this  development  work  is  aimed  at  improving  fuel 
eccmomy,  drivabillty,  comfort,  and  reduced  costs  consistent  with  minimally 
meeting  the  federal  standards.  For  example.  General  Motors  projected  expendi¬ 
tures  of  360.7  million  dollars  on  emission  cmitrol  research  and  development  for 
1974.  Yet  OM’s  daimed  expenditures  for  alternative  engine  systems  is  less  than 
10  percmt  of  this  total.  Ford  Motor  Company  followed  in  lock  step  spending  less 
than  8  percent  on  alternative  en^nes  out  of  a  budget  of  340.1  million  dollars  in 
1973.  Chrysler  Corporation  brought  up  the  rear  with  total  emission  controls  ex¬ 
penditures  of  46.6  million  dollars  in  1974  of  which  3.9  million  dollars  went  to 
alternative  engine  research.' 

In  tbe  emission  control  area,  tbe  Justice  Department  disclosed  in  1969  the 
real  reasm  for  tbe  dmnestic  auto  industry’s  delay  in  cleaning  up  exhaust  and 
other  emissions.  The  Department  filed  an  antitrust  suit  against  the  domestic  car 
makers  and  tbdr  trade  association,  the  Automobile  Manufacturers’  Association 
(now  the  Motor  Vehicle  Manufacturers’  Association),  for  conspiring  to  restrain 
tbe  devdopment  and  marketing  of  auto  exhaust  control  systems  since  1953. 

The  evidence  brouikt  together  prior  to  this  suit  by  a  Los  Angeles  Grand  Jury 
outlined  the  cross  licensing  agreement  and  other  close  associations  between  these 
so-called  auto  competitors  that  forged  this  illegal,  united  front  of  inaction.  The 
Grand  Jury  wanted  to  IntUct  the  companies  but  the  top  Antitrust  Division 
officials  over-ruled  their  own  trial  attorney  and  filed  a  civil  suit  instead  in  Janu¬ 
ary  1969.*  In  Septmber  1969,  the  domestic  auto  makers  entered  into  a  consent 
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ofCompetltloii,"»b«Tolo/o*ni<il.VoL80,Kp.8;Jauuaryl9n,p.  M7,  B88. 

■Anon.,  "Detroit  Tries  to  Shift  Geer’,”  ••Chrtftian  Bcience  ItofMor,  Mny  21,  1974. 
Green.  John,  “Tlwe  Swingin'  Plants,”  Word’s  Awto  WorM,  Audi  1974,  o.  ». 

*  OH.  for  examiije,  paid  850  million  for  tbe  rights  to  tbe  Wankel  engine  configuration,  yet 
this  engine  now  appears  to  be  considerably  less  proudslne  than  vms  originally  tbougbt 
because  of  fnrt  consumption  and  emissions  problems.  Considering  Inflation,  this  amount  Is 
about  double  tte  four  year  appropriation  that  would  bo  authorised  undet_HK  10892. 

■These  figures  are  taken  ftom  emission  control  expenditure  records  from  GM.  Ford, jua 
Chrysler  1976  emission  standards  suspension  apoUeatlons  before  the  Bnvlronmental  Fro- 
teeOon  Agency,  copies  of  which  are  submitted  for  tbe  record.  .... 

■On  l&y  18.  1971.  Oongressmaa  Phillip  Burton  Inserted  tbe  confidential  memorandum 
of  the  trial  staff  of  the  Antitrust  Dlrtslon  at  the  Justice  Department  recommending  to  the 
Attorney  General  that  criminal  charges  be  bionrtit  against  the  American  auto  manufac¬ 
turers  n>r  conmtMng  to  reatmln  development  of  a  pollution-free  motor  vehicle  Into  the 
OonprsaHonal  Jtsoerd.  A  copy  of  tbe  document  Is  submitted  for  the  record. 
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agreement  witli  the  government  agreeing  never  again  to  engage  in  such  a 
conspiracy.* 

According  to  an  Einvlronmental  Protection  Agency  memorandum,  the  auto¬ 
motive  air  pollution  resulting  from  this  conspiracy  cost  the  American  govemmrat 
$2.7  billion.'  The  cost  to  the  American  public  was  even  higher.  The  continuing 
absence  of  more  efficient  and  cleaner  alternatives  to  the  traditional  piston  type 
internal  combustion  engine  causes  the  damages  to  mount  to  this  day.  According 
to  the  Department  of  Justice,  the  domestic  auto  manufacturers  rejected  the 
cheaper,  more  fuel  economical  and  lower  emission  stratified  charge  engine  at 
least  16  years  ago ; ' 

For  Instance,  in  the  late  IdfiO’s  Ralph  Heins,  inventor,  developed  and 
patented  a  stratified  charge  engine  which  reduced  hydrocarbon,  carbon  mon¬ 
oxide,  and  oxides  of  nitrogen  emissions,  while  at  the  same  time  effecting  a 
savings  in  gasoline  consumption.  Moreover,  the  stratified  charged  engine 
would  replace  the  conventional  engine  with  little  or  no  additional  cost  to  the 
consumer.  The  dev^opment  of  this  engine  was  publicised  generally  so  that 
the  automobile  manufacturers  knew  of  its  existence  and  what  it  would  do. 
In  fact,  Victor  6.  Ravlole,  former  executive  director  of  the  Ford  engineer¬ 
ing  staff,  stated  on  several  occasions  in  the  early  1900’s  that  the  major 
automobile  companies  were  Investigating  such  an  engine  and  on  one  occasion 
predicted  that  it  might  be  ready  for  production  before  18(0.  However,  the 
automtfiille  manufacturers  have  evidenced  little  faith  in  this  approach  and 
no  such  engine  has  been  produced  by  any  of  them. 

If  the  domestic  auto  Industry  had  converted  to  the  stratified  charge  engine, 
the  consumer  wouold  have  saved  $120.W  for  the  emission  controls  on  1974  cars 
according  to  the  National  Academy  of  Sciences  and  at  the  same  time  would  have 
enjoyed  12  percent  better  fuel  economy  according  to  the  BPA. 

This  fall,  the  stratified  charge  engine  with  its  various  consumer  and  environ¬ 
mental  benefits  will  appear  on  the  American  market.  The  only  catch  is  that  the 
engine  had  to  go  to  Japan  before  coming  home  to  America.  It  is  Honda,  a  small 
Japanese  company,  that  has  spent  |60  sMlllon  for  research  and  development  on 
the  stratified  charge  engine.  In  addition,  Honda  has  spent  $100  million  t  convert 
its  existing  engine  line  to  build  stratified  charge  engines  and  to  add  another 
stratified  charge  engine  production  line, 

A  specific  example  of  the  relaxed  approach  to  new  engine  development  can 
be  found  in  Chrysier’s  turbine  work.  Chrysler  claims  that  it  first  began  to  work 
on  turbine  power  plants  for  automotive  applications  in  1940.  Their  first  working 
model  was  constructed  In  1964,  and  in  1963,  Chrysler  was  sufficiently  confident  of 
its  success  that  it  built  and  loaned  to  various  members  of  the  public  fifty  turbine 
powered  cars.  By  Its  own  count,  Chrysler  has  produced  six  generations  of  tur¬ 
bines.  However,  it  has  required  a  $6.4  million  grant  from  the  Envlommental 
Protection  Agency  to  stimulate  further  development  work.  It  seems  Incongruous 
that  the  federal  government  should  have  subsidise  research  and  development 
work  that  will  probably  be  in  the  self-interest  of  this  multibillion  dollar  corpora¬ 
tion.  By  comparison,  GM  and  Ford  participated  in  the  Department  of  Transporta¬ 
tion’s  experimental  safety  vehicle  program  on  a  one-doUar  contract  basis. 

Nonetheless,  there  may  be  a  place  for  direct  federal  stimulus  to  the  develop¬ 
ment  of  alternative  power  systems  for  land  vehicles.  Small  researdi  and  de¬ 
velopment  companies  such  as  Steam  Power  Systems,  about  which  you  beard  on 
February  6,  1^4,  and  enterpreneurs  like  William  Lear  and  the  Carter  family 
from  whom  yon  vrlll  hear  on  June  18,  may,  without  the  historical  encumbrances  of 
the  auto  makers  and  traditional  automotive  engineering,  be  able  to  make  the 
breakthroughs  necessary  to  achieve  the  rev<Hntionary  design  changes  that  will  be 
necessary  for  the  continued  co-exlstenco  of  man  and  his  transportation  systems. 

I  am  skeptical,  however,  about  the  auto  companies’  ability  to  respond  to  this 
challenge  without  external  stimulus  which  could  cause  one  or  more  of  the  com¬ 
panies  to  break  ranks  with  the  bailing  wire  approach  to  safety  and  mission  con¬ 
trols  demonstrated  by  the  Industry  during  the  last  decade. 

H.R.  10302  proposes  that  the  National  Aeronautics  and  Space  Administration 
be  given  the  authority  to  carry  out  research  and  develoment  work  on  alterna- 


'  A  copy  of  the  conKnt  decree  is  snbaiitted  for  the  bearing  record  along  with  the  Jnstlce 
Denartatent’a  press  release  and  Mr.  Ralpb  Nader’s  letter  of  September  IS,  19S9,  to  Assistant 
Attorney  Qeneral  Richard  W.  McLaren  crltldaing  the  consent  settlement. 

*  Copies  of  this  document  and  related  memoranda  are  submitted  for  the  hearing  record. 

*  Confidential  Department  of  Justice  memorandum,  supra,  117  Cong.  Rec.  H4072  (daily 
ed..  May  18, 1971). 
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tive  propulsion  systems.  We  think,  however,  that  before  this  legislation  is  passed, 
serious  consideration  should  be  given  to  vesting  that  authority  in  either  the 
Department  of  Transportation  or  the  Environmental  Protection  Agency.  Each  of 
these  agencies  has  had  considerable  experience  in  contracting  work  with  private 
firms  as  well  as  with  the  governmental  agencies  such  as  NASA  and  the  Nati(mal 
Bureau  of  Standards.  Such  authority  falls  more  naturally  in  the  mission  of 
either  the  EPA  or  the  DOT  than  with  the  NASA.  In  any  event,  I  would  assume 
that  a  majority  of  the  work  carried  out  under  the  authority  of  this  Bill  could 
be  carried  out  under  contract  rather  than  in  government  facilities. 

The  characteristics  of  ground  propulsion  systems  that  would  be  encouraged 
should  go  beyond  those  specified  in  H.R.  10382.  There  are  five  primary  areas  in 
which  goals  should  be  specified :  (1)  use  of  low  grade  or  easily  obtainable  fuels, 
(2)  economy  of  production  and  operation  (including  fuel  use  in  a  variety  of  oper¬ 
ating  moues,  lubricant  and  coolant  use,  a  high  power-to-weight  ratio  and  power- 
to-siae  ratio,  use  of  common  or  inexpensive  construction  materials,  and  durability 
and  ease  of  repair),  (3)  low  emissions  as  an  Inherent  characteristic,  (4)  safe 
operating  parameters,  and  (5)  fiexlbility  to  operate  in  a  wide  range  of  conditions 
and  power  demands. 

The  use  of  Diesel  oils  in  power  plants  has  the  dual  advantage  of  requiring  fuels 
that  are  less  refined  (which  c<mseqaently  produce  more  energy  per  barrel  of 
crude  oil  at  lower  cost)  and  of  having  an  inherently  reduced  risk  of  fire  in  a  crash 
or  other  mishap.  In  addition,  engines  that  use  ethanol  frmn  the  enzymatic  hy¬ 
drolysis  of  cellulose  wastes  ^ould  be  encouraged  in  the  event  that  the  process 
becomes  commercially  feasible  in  the  near  future. 

High  power-to-weight  and  power-to-size  ratios  are  necessary  to  obtain  the  most 
economical  and  efiiclent  space  utilization  in  personal  transportation.  The  de 
mands  of  fiexlbility  in  speed  and  power  output  are  probably  the  reasons  for  the 
dominance  of  the  piston  type  internal  combustion  engine  in  the  past. 

The  problems  that  will  confront  any  agency  that  undertakes  the  mission  to 
develop  a  viable  alternative  to  the  internal  combustion  engine,  the  Diesel  bus 
and  truck  engine,  and  the  electric  motors  of  trains  and  subways,  will  be  mani¬ 
fold.  Consideration  must  be  given  to  the  variety  of  thermodynamic  cycles ;  Otto, 
Diesel,  Bankine  Stirling,  and  others.  In  addition,  the  methods  of  utilizing 
these  cycles  include  piston  type  engines,  rotary  designs  of  various  types,  and 
turbines,  finally,  the  combination  of  an  engine  and  the  means  of  translating 
engine  motion  into  vehicle  motion  can  be  mechanical,  hydraulic,  electrical,  and 
even  magnetic,  and  may  involve  energy  storage  devices  such  as  fiywheels,  bat¬ 
teries,  and  even  storage  of  fuels  manufactured  in  the  engine. 

It  is  tragic  that  the  industry  that  will  benefit  most  from  the  fruits  of  H.R. 
10382  has  shown  so  little  interest  in  privately  carrying  out  or  funding  the  type 
of  research  envisioned  in  that  bill.  Perhaps  the  artificial  competition  that 
will  be  spurred  by  the  passage  of  H.R.  10392  will  have  the  additional  side 
effect  of  stimulating  these  grants  into  additional  complimentary  research  and 
devel<QHnent  work.  ^Hiank  yon. 

STATEMENT  OF  GAEL  E.  NASH  AND  CLABENCE  M.  DITLOW 

Mr.  Nash.  Thank  you,  Mr.  Chairman  and  Congressman  Brown.  We 
appreciate  being  invited  to  present  our  views  on  H.R.  10392. 

I  am  Carl  Nash,  a  physicist,  and  with  me  is  Clarence  Ditlow,  an 
attorney  and  an  environmentalist  specialist. 

We  are  members  of  the  Public  Interest  Research  Group,  an  associa¬ 
tion  of  lawyers  and  scientists  founded  by  Mr.  Ralph  Nader  in  1970. 

^e  automobile  and  ground  transportation  vehicle  industry  is  one 
which  can  claim  few  technological  advances  outside  those  that  make 
production  of  such  vehicles  more  efficient  and  economical.  Since  the 
1930’s,  the  only  important  innovations  that  have  been  incorporated 
into  new  cars  are  airbags  for  occupant  crash  protection,  catalytic-type 
exhaust  emission  converters,  and  Gratified  charge  type  piston  engines. 
The  first  of  these  was  introduced  on  a  very  limited  basis  this  year  by 
General  Motors,  and  the  second  will  be  found  on  most  domestic  cars  to 
be  marketed  this  fall.  The  third  will  be  found  only  on  the  Japanese 
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Honda  Civic  next  year.  The  Wankel  engine  configuration  that  is  cur- 
mently  used  in  several  foreign  cars  was  actually  invented  in  the  1930’s, 
although  the  first  practical  Wankel-powered  car  was  not  produced 
until  the  1950’s.  None  of  these  innovations  was  invented  or  given  ini¬ 
tial  development  by  one  of  the  four  major  automakers  in  the  United 
States. 

The  automobile  of  today  is  different  in  degree  but  not  in  kind  from 
the  automobile  of  1940.  This  technolo^cal  sameness  is  a  reflection  of 
the  structure  of  the  scientific  and  engineering  functions  of  tbe  auto 
companies.  Incidentally,  the  simpler  automobiles,  the  six-cylinder 
ones  with  standard  transmissions  and  so  forth,  are  not  that  much  dif¬ 
ferent  from  the  automobiles  of  the  1920’s.  Compared  with  most  other 
major  U.S.  industries,  the  auto  industry  puts  a  very  small  part  of  its 
income  into  research  and  basic  development  work.  The  industry  has 
also  traditionally  shifted  the  burden  of  such  work  onto  its  suppliers  so 
that  they  have  made  the  important  advances  in  electrical  systems,  tires, 
glass,  occupant  restraint  systems,  and  brakes.  It  is  only  because  Gen¬ 
eral  Motors  owns  so  many  of  its  own  suppliers  that  GM  can  be  credited 
with  a  fair  amount  of  this  research  and  development  work.  The  Ford 
Motor  Co.  is  the  only  one  of  the  Big  Four  that  operates  a  major  labora¬ 
tory  devoted  to  basic  science,  and  that  laboratory  is  small  compared 
with  the  major  scientific  laboratories  such  as  those  of  the  Bell  Syston 
or  General  Electric. 

Even  mass  transit  vehicles  of  today,  often  touted  for  their  technolog¬ 
ical  advances,  are  not  so  different  from  those  of  decades  ago.  The  new 
American  Motors-built  Metrobuses  are  as  little  different  from  city 
buses  of  the  1930’s  as  are  today’s  cars  from  the  cars  of  the  1930’s.  The 
Bay  Area  Kapid  Transit  System  still  uses  steel  rail^steel  wheels,  and 
electric  motors  just  as  did  subways  of  50  years  ago.  The  control  system 
for  the  BART  system  borrowed  heavily  from  the  technology  of  the 
elevator  industry,  and  then  has  been  shown  to  have  a  critical  defect  in 
the  detection  of  the  position  of  stationary  trains. 

To  get  a  standard  of  comparison  for  technological  development,  one 
need  only  look  at  the  space  program  or  the  television  and  electronics 
industry.  And  perhaps  the  most  startling  recent  development  has  been 
the  miniaturization  and  cost  reductions  of  calculators.  Now  you  can 
get  fancy  pocket  scientific  calculators  for  under  $100,  whereas  they 
cost  thousands  of  dollars  and  were  much  larger  only  a  few  years  ago. 

Yet  the  auto  companies  do  s^nd  a  considerable  amount  of  their 
income  on  superficial  redesign  or  their  products  and  on  plant  conver¬ 
sion.  In  1973,  for  example,  Chrysler  spent  $400  million  on  tooling  and 
equipment  for  the  redesign  on  its  full  size  car  lines,  cars  that  have  since 
bwome  a  glut  on  the  market.  This  kind  of  expenditure  is  typical  of 
the  money  spent  on  advancing  the  rame  of  trivial  product  differen¬ 
tiation  and  supercilious  model  devdopment  to  artificially  stimulate 
consumer  demand. 

The  annual  style  change  is  even  more  insidious  than  it  first  appears 
because  it  also  serves  as  a  basic  entry  barrier  to  new  competition.  Brad¬ 
ford  Snell  has  estimated  that  due  to  the  annual  style  (mange  and  the 
need  to  produce  around  300,000  similar  vehicles  to  achieve  economies  of 
scale,  the  inv^tment  needed  to  enter  the  domestic  auto  market  is  $779 
million  of  which  $724  million  would  be  needed  to  provide  annual  style 
change  capability. 
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An  example  of  this  problem  is  developing  right  now  where  Malcolm 
Bricklin,  an  entrepreneur  from  Arizona  is  trying  to  start  a  cmnpany 
in  Nova  Scotia.  He  is  avoiding  the  annual  style  change  by  producing 
one  model  which  he  hopes  to  keep  the  same  for  a  number  of  years.  He 
has  been  able  to  fund  his  company  and  desim  an  automobile  and  get 
into  producti<m  for  approximately  the  difference  between  the  $779 
million  and  the  $724  million. 

Recent  plant  conversions  for  the  production  of  analler  cars  have 
been  accomplished  at  a  cost  of  between  and  $100  million  each  with 
the  current  orgy  of  such  conversions  estimated  to  cost  between  ^  and 
$6  billion. 

Yet  this  industry  claims  to  spend  money  only  on  the  order  of  mil¬ 
lions  and  tens  of  millions  of  dollars  each  year  for  fundamental  research 
and  development  worii  into  new  safety,  emission  control,  and  new 
powerplant  ^hnology.  Much  of  this  work,  such  as  on  the  Wankel 
engine,  stratified  charge  engine,  turbines,  and  Stirling  engine  is  based 
on  old  or  borrowed  technology,  sometimes  paid  for  at  a  cost  in  excess 
of  the  probable  cost  of  origmaJ  research  and  development  work. 

It  is  interesting  that  Ge^ral  Motors  has  paid  $50  million  for  the 
right  to  develop  the  Wankel  engine  and  use  it  in  production  cars.  Tlll^ 
is  ^proximately  twice  the  total  that  is  being  authorized  in  H.R.  10392. 

Tne  industry’s  infiated  quotations  on  the  amounts  spent  on  emission 
controls  and  safety  account  for  money  spent  on  specific  applications 
and  emissions  and  safety  certification  work,  almost  none  of  which 
advances  the  technology  significantly.  The  lion’s  share  of  this  develop¬ 
ment  work  is  aimed  at  improving  fuel  economy,  driyability,  comfort, 
and  reduced  costs  consistent  with  minimally  meeting  the  Federal 
standards  mostly  using  the  technology  of  the  1930’8.  For  example, 
General  Motors  projected  expenditures  of  $350,7  million  on  emission 
control  research  and  development  for  1973.  Yet  GM’s  claimed  expendi¬ 
tures  for  alternative  engine  systems  is  less  than  10  percent  of  this  total. 
Ford  Motor  Co.  followra  in  lock  step,  spending  less  than  8  percent  on 
alternative  engines  out  of  a  budget  of  $340.1  million  in  1973.  Chrysler 
Corp.  brought  up  the  rear  with  total  omission  control  expenditures  of 
$46.5  million  in  1973  of  which  $3.9  n  illion  went  to  alternative  engine 
research. 

In  the  emission  control  area,  the  Justice  Department  disclosed  in 
1969  the  real  reason  for  the  domestic  auto  industry’s  delay  in  cleaning 
up  exhaust  and  other  emissions.  The  Department  filed  an  antitrust 
suit  against  the  domestic  car  makers  and  their  trade  association,  the 
Automobile  Manufacturers’  Association  now  known  as  the  Motor 
Vehicle  Manufacturers’  Association),  for  conspiring  to  restrain  the 
development  and  marketing  of  auto  exhaust  control  systems  since 

The  evidence  brought  together  prior  to  this  suit  by  a  Los  Angeles 
grand  jury  outlined  the  cross-licensing  agreement  and  other  close  as¬ 
sociations  between  these  so-called  auto  competitors  that  forged  this 
illegal,  united  front  of  inaction.  The  grand  jury  wanted  to  indict  the 
companies  but  the  top  antitrust  division  officials  overruled  their  own 
trial  attorney  and  filed  a  civil  suit  instead  in  January  1969.  In  Septem¬ 
ber  1969,  the  dmnestic  auto  makers  entered  into  a  consent  agreement 
with  the  Government,  agreeing  never  again  to  engage  in  such  a 
conspiracy. 
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According  to  an  Environmental  Protection  Agency  memorandum, 
the  automotive  air  pollution  resulting  from  this  conspiracy  cost  the 
American  Government  $2.7  billion.  The  cost  to  the  American  public 
was  even  higher.  The  continuing  absence  of  more  efficient  and  cleaner 
alternatives  to  the  traditional  piston  type  internal  combustion  engine 
causes  the  damages  to  mount  even  to  this  day.  According  to  the  Depart¬ 
ment  of  Justice,  the  domestic  auto  manufacturers  rejected  the  cheaper, 
more  fuel  economy,  and  lower  emi^on  stratified  charge  engine  at 
least  15years  ago : 

Tne  quote  here  is  from  a  Justice  Department  memorandum: 
“For  instance,  in  the  late  1950’8  Balph  Heinz,  inventor,  developed 
and  patented  a  stratified  charge  engine  which  reduced  hydrocar¬ 
bon,  carbon  monoxide,  and  oxides  of  nitrogen  emissions,  while  at 
the  same  time  effecting  a  savings  in  gasoline  consumption.  More¬ 
over,  the  stratified  charge  erigine  would  replace  the  conventicHial 
engine  with  little  or  no  additional  cost  to  the  consumer.  The  de¬ 
velopment  of  this  engine  was  publicized  generally  so  that  the  auto¬ 
mobile  manufacturers  knew  of  its  existence  and  what  it  would  do. 
In  fact,  Victor  G.  Raviole,  former  executive  director  of  the  Ford 
engineering  staff,  stated  on  several  occasions  in  the  early  1960’s 
that  the  major  au(  imobile  companies  were  investigating  such  an 
engine  and  on  one  occasion  predicted  that  it  might  be  ready  for 

Eroduction  before  1965.  However,  the  automobile  manufacturers 
ave  evidenced  little  faith  in  this  approach  and  no  such  engine 
has  been  produced  by  any  of  them.” 

I  think  that  quote  is  probably  still  true  today. 

If  the  domestic  auto  industry  had  converted  to  the  stratified  charge 
engine,  the  consumer  would  have  saved  $120.60  for  the  emission  con¬ 
trols  on  1974  cars  according  to  the  National  Academy  of  Sciences  and 
at  the  same  time  would  have  enjoyed  12  percent  better  fuel  economy 
according  to  the  EPA. 

This  fall,  the  stratified  charge  engine  with  its  various  consumer  and 
environmental  benefits  will  appear  on  the  American  market.  The  only 
catch  is  that  the  engine  had  to  go  to  Japan  before  coining  home  to 
America.  It  is  Honda,  a  small  Japanese  company,  that  has  "pent  ^0 
million  for  research  and  development  on  the  stratified  charge  engine. 
In  addition,  Honda  has  spent  $20  million  to  convert  its  existing  engine 
line  to  build  stratified  charge  engines  and  $8^^  million  to  add  another 
stratified  charge  engine  production  line. 

A  specific  example  of  the  relaxed  approach  to  new  engine  develop¬ 
ment  can  be  found  in  Chrysler’s  turbine  work.  Chrysler  claims  that  it 
first  began  to  work  on  turbine  powerplants  for  automotive  applications 
in  1946.  That  was  shortly  after  turbine  began  to  be  used  in  jet  air¬ 
craft.  Their  first  working  model  was  constructed  in  1954,  and  in  1963, 
Chrysler  was  sufficiently  confident  of  its  sucr^ss  that  it  built,  and 
loaned  to  various  members  of  the  public,  50  tui  oine-powered  cars.  By 
its  own  count,  Chrysler  has  produ<»d  six  generations  of  turbines.  How¬ 
ever,  it  has  required  a  $6.4  million  grant  from  the  Environmental  Pro¬ 
tection  Agency  to  stimulate  further  development  work.  It  seems  in- 
congrous  that  the  Federal  Government  should  have  to  subside  re¬ 
search  and  development  work  that  will  probably  be  in  the  self-interest 
of  this  multibillion-dollar  corporation.  By  comparison,  GM  and  Ford 
participated  in  the  Department  of  Transportation’s  experimental 
safety  vehicle  program  on  $1  contract  basis. 


Nevertheless,  there  may  be  a  place  for  direct  Federal  stimulus  to  the 
development  of  alternative  power  systems  for  land  vehicles.  Small 
resear^  and  development  companies  such  as  Steam  Power  Systems, 
about  which  you  heard  on  February  6,  1974,  and  entreoreneurs  like 
William  Lear  and  the  Carter  family  from  whom  you  will  hear  on  June 
16,  without  the  historical  encumbrances  of  the  auto  makers  and  of 
traditional  automotive  engineering,  may  be  able  to  make  the  break¬ 
throughs  necessary  to  achieve  the  revolutionary  design  changes  that 
will  to  necessary  for  the  continued  coexistence  of  man  and  his  trans¬ 
portation  sy^ms. 

I  am  skeptical,  however,  about  the  auto  companies’  ability  to  respond 
to  this  challenge  without  external  stimulus  whidi  could  cause  one  or 
more  of  the  companies  to  break  ranks  with  the  bailing  wire  approach 
to  safety  and  emission  controls  demonstrated  by  the  industry  during 
the  last  decade. 

H.R.  10892  proposes  that  the  National  Aeronautics  and  Space  Ad¬ 
ministration  be  given  the  authority  to  carry  out  research  and  develop¬ 
ment  work  on  alternative  propulsion  systems.  We  think,  however,  that 
before  this  legislation  is  pass^,  serious  consideration  should  be  given 
to  vesting  that  authority  in  either  the  Department  of  Transporf^ion 
or  the  Environmental  Protection  Agency. 

Each  of  these  agencies  has  had  consiaerable  experience  in  contract¬ 
ing  work  with  private  firms  as  well  as  with  other  governmental  agen¬ 
cies  such  as  NASA  and  the  National  Bureau  of  Standards.  Such  au¬ 
thority  falls  more  naturally  in  the  mission  of  either  the  EPA  or  the 
DOT  than  with  NASA.  In  any  event,  I  would  assume  that  a  majority 
of  the  work  carried  out  under  the  authority  of  this  bill  would  to  car¬ 
ried  out  under  ccmtract  rather  than  in  government  facilities.  The 
crucial  question  may  to  which  agency  has  the  most  capable  contract 
managers  to  make  the  most  effective  use  of  this  funding. 

The  characteristics  of  ground  propulsion  systems  mat  would  to  en¬ 
couraged  should  go  beyond  those  specified  in  H.R.  10392.  There  are 
five  primary  areas  in  which  goals  should  be  specified :  (1)  use  of  low- 
grade  or  e^ily  obtainable  fuels,  (2)  economy  of  production  and  op¬ 
eration  (including  fuel  use  in  a  variety  of  operating  modes,  lubricant 
and  coolant  use,  a  high  power-to-weight  ratio  and  power-to-size  ratio, 
use  of  common  or  inexpensive  construction  materials,  and  durability 
and  ease  of  repair — ^these  materials  also  should  be  susceptible  to  re¬ 
veling,  of  course),  (3)  low  emissions  as  an  inherent  characteristic, 
(4)  safe  operating  parameters,  and  (5)  flexibility  to  operate  in  a  wide 
range  of  conditions  and  power  demands. 

■nie  use  of  diesel  oils  m  powerplants  has  the  dual  advantage  of  re¬ 
quiring  fuels  that  are  less  refined  (which  consequently  produce  more 
energy  per  barrel  of  crude  oil  at  lower  cost)  and  of  having  an  in¬ 
herently  reduced  risk  of  fire  in  a  crash  or  other  mishap.  In  addition, 
engines  that  use  ethanol  from  the  enzymatic  hydrolysis  of  cellulose 
wastes  should  be  encouraged  in  the  event  that  the  process  becomes 
commercially  feasible  in  the  near  future. 

High  power-to-weight  and  power-to-size  ratios  are  necessary  to  ob¬ 
tain  the  most  economical  vehicles  and  efiicient  space  utilizatitm  in  per¬ 
sonal  transportation.  The  demands  of  flexibility  in  ^)eed  wid  power 
output,  as  well  ^  its  small  size,,  are  probably  the  reasons  for  the  dom¬ 
inance  of  the  piston  type  internal  combustion  engine  in  the  past. 
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The  problems  that  will  confront  any  agency  that  undertakes  the 
mission  to  develop  a  viable  alternative  to  the  internal  combustion  en¬ 
gine,  the  diesel  bus  and  truck  engine,  and  the  electric  motors  of  trains 
and  subways,  will  be  manifold.  Consideration  must  be  given  to  the 
variety  of  thermodynamic  cycles:  Otto,  diesel,  Rankine  Stirli^,  and 
others.  In  addition,  to  the  methods  of  utilizing  these  cycles  indude 
piston-type  engines,  rotary  designs  of  various  types,  and  turbines. 
Finally,  the  combination  of  an  en^ne  and  the  means  of  translating 
engine  motion  into  vehicle  motion  can  be  mechanical,  hydraulic,  elec¬ 
trical,  and  even  magnetic,  and  may  involve  energy  storage  devices  such 
as  flywheels,  batteries,  and  even  storage  of  fuels,  manufactured  on  the 
vehicle  for  use  in  the  engine. 

It  is  tragic  that  the  industry  that  will  benefit  most  from  the  fruits 
of  H.R.  10392  has  shown  so  little  interest  in  privately  carrying  out  or 
funding  the  ty^  of  research  envisioned  in  that  mil.  Perhaps  the 
artificial  competition  that  will  be  spurred  by  the  passage  of  H.R.  10392 
will  have  the  additional  side  effect  of  stimulating  these  giants  into  ad¬ 
ditional  complimentary  research  and  development  wort 

Thank  you,  Mr.  Chairman. 

Mr.  Symington.  I  want  to  thank  you  very  much  for  an  excellent  and 
interesting  statement. 

Mr.  Brown? 

Mr.  Brown.  Mr.  Nash,  you  have  indicated  at  a  couple  ox  points  here 
that  you  wish  to  include  in  the  record  some  additional  R;  t, .  ^nal  having 
to  do  with  the  lawsuits  which  were  brought.  Do  you  have  tliat  material  ? 

Mr.  Ditlow.  We  have  a  package  of  that  material  that  we  will  send 
to  the  staff. 

Mr.  Brown.  May  I  request  that  it  be  made  a  part  of  the  record  ? 

Mr.  Symington.  It  is  so  ordered. 

[Additional  material  requested  for  the  record  follows :] 
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Djtt: 
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Am^: 


January  22,  1971 


Ecouoolc  Effects  of  !Icaltk-Ju£clcc  iX-partracnt  't!?vlEcd 

Dr.  Ronald  Engel,  Assistant  Director 
Bureau  of  Criteria  and  Stmidarris 


The  attached  report  includes  revisions  and  suggestions  by  Hr. 

Louis  Lombardo.  Paragraphs  2  and  3  under  Assaiuptions  have  been  revised. 
In  place  of  using  total  expenses  of  the  Veterens  Adolnlstration,  total 
expenses  for  nedlcal  and  administrative  expenses  is  used  in  calculating 
Che  added  coat  resulting  from  health  elfccts  ei  autraiobilc  cxliaust. 


■  A '  I  ■  ^  ' 

Wilson  B.  «i^jan/./Ph.D. 


Attachment 


cc:  Dr.  Ke<vlll 


IVEALTH  COSTS  TO  THE  FEDERAL 
OF  MOTOR  VEHICLE  AIR  POLLUTION; 

COSTS  TO  THE  VETERANS  ADMINISTRATION  AND 
FOR  FEDERAL  MEDICINE  FACILITIES  AND 
manpower  train INO 


W.  B.  Riggan,  C. 


R.  Sharp,  and  W.  C.  Nelson 


Supplement  to  an  In-house  PTo.1ect  Report 


Ecological  Research  Branch  ; 
Division  of  Health  Effects  Research 
Bureau  of  Criteria  and  Standards 
Air  Pollution  Control  Office 
Environmental  Protection  Agency 


January  19V1 
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H«8lth  Coats  to  the  Federal  Governaent 
of  Hotor  Vehicle  Air  Pollution:  Additional 
Coats  to  the  Veterans  Administration  and 
for  Federal  Medicine  Facilities 
and  Manpower  Training 

Thla  la  a  suppleisenc  to  Che  report,  “Cost  to  the  Federal  Government 
of  Health  Effects  Damage  Attributed  to  Air  Pollution  From  Motor 
Vehicles".  Cost  estimates  in  this  report  were  omitted  from  the 
original  report. 

Assuamtlons : 

Tor  U.  S.  Public  Health  Service  General  Hospitals  In  1969,  the 
percentage  of  bed  days  used  by  discharged  patients,  who  were  diagnosed 
as  having  lung  cancer,  heart  disease,  and  respiratory  disease,  is 
an  estimate  of  the  percentage  of  the  total  health  cost  which  can 
be  attributed  to  these  diseases. 

Dumber  of  Individuals  granted  total  disability  by  Social  Security 
increased  by  more  than  60  percent  between  1957  and  1969.^’^  Also, 
proportion  of  individuals  with  respiratory  disease  increased  16  percent 
during  this  time  period. 

Estimates  in  this  paper  do  not  Include  the  change  In  the  relative 
importance  of  respiratory  disease.  Even  with  this  omission,  present 
estisMtes  are  conservative  and  deviations  or  errors  are  under-estloMtes 
in  spite  of  the  changes  in  importance  of  respiratory  disease  and 
heart  disease  during. the  period  considered.  Hospital  days  used  as 
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th«  basic  for  estlMtlns  tha  relativa  iaportancc  of  each  dtacaoe 
Includa  both  aen  and  acMsn.  Medical  expensea  by  the  Veterans 
AdBinisCraclon  are  for  aea  aoatly.  The  diseases  considered  occur 
auch  nore  frequently  aaong  nen  than  anong  wonen.  Hence,  the  per¬ 
centage  of  hospital  days  is  lower  than  it  would  have  been  if  only 
hospital  days  for  aen  had  been  used. 

Converaioo  factor; 

ScaClsCiea  reported  and  the  accounting  syatea  used  by  the  Veterans 

Adainlstration  and  subsidies  by  the  federal  govemaent  fall  to 

carry  the  specific  added  coat  for  health  effects  dasuge  attributed 

to  air  pollution  from  aotor  vehicles.  In  fact,  the  data  fail  to  list 

separately  the  cost  of  lung  cancer,  arteriosclerotic  heart  disease 

including  coronary,  acute  and  chronic  bronchitis  and  eaphyseaa. 

For  this  reason,  it  is  necessary  to  use  supplemental  data  and  the 

previous  assumptions  to  calculate  a  conversion  factor  for  s^>arating 

the  desired  cost  fraction  from  medical  and  administrative  expenses  of 

the  Veterans  Administration,  total  grants,  subsidies  to  private 

« 

hospitals,  training  grants,  fellowship  and  other  forms  of  support  of 
health  facilities  and  training  by  the  federal  government. 

hospital  discharges  from  Public  Health  General  Hospitals  in  1969 
were  used  to  calculate  the  conversion  factor.  The  total  number 
of  patients  with  lung  cancer  (ICD  160  -  166),  heart  disease  (ICD 
420),  and  bronchitis,  acute  and  chronic  respiratory  disease  including 


36-993  0  -  74  -3 
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•■phyMaa  (ICD  SOO  -  302.  S2S  -  527),  and  the  averaite  stay  vara  used 
to  calculate  hospital  days  for  each  group  and  percentage  of  total 
hospital  use  of  each  group. 

The  previous  report  derived  an  estlaate  of  10  percent  of  lung  cancer 
deaths,  10  percent  of  bronchitis  and  eaphysema  deaths  and  2.5  per 
cent  of  heart  disease  deaths  as  being  attributed  to  air  pollution 
froB  aator  vehicle  exhaust.  The  percentage  of  total  hospital  usage 
attributed  to  sir  pollution  froa  aotor  vehicles  Is  shown  in  Table  1. 
The  5  diseases  accounted  for  .71  percent  of  total  hospital  tisage. 

Added  expenditures  by  the  Veterans  Adalniatratlont 

Hadlcal  and  adalnistratlve  expenses  of  the  Veterans  Adalnlstratlon 

ranged  froa  1.0  billion  dollars  In  1960  to  1.7  billion  dollars  In 

1969.  The  final  value  has  been  converted  to  1970  dollars  using  6 

percent  Interest  rate  coaipounded  annually  (Table  2) .  The  estlaated 

added  cost  ranges  froa  12.6  to  13.8  alllion  dollars  par  year.  The 

estlaatc  Is  that  the  federal  governaent  spent  158.7  allllon  dollers 

» 

aore  on  aedlcal  expenses  for  veterans  than  they  would  have  without 
air  pollutioo  froa  aotor  vehicles. 

Added  expenditures  bv  the  federal  governs»nt  for  aedlcal  facilities 
and  training; 

Sxpeodlcures  for  subsidies  for  private  hospital  construction,  health 
aanpower  education  and  utilisation  support  and  training  fellowship 
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and  r«March  grants  for  1960  -  1969  are  given  in  Table  3.  Dslng 
th«  convetaion  factor  used  for  the  Veterans  Adnlnlatration  of  6 
percent  interest  coepounded  anauallp,  the  added  expendituraa  by 
the  federal  geveraeent  are.  sham  in  Table  6.  The  total  estinate  is 
125.2  ■illioa  dollars  for  tha  12  year  period. 

Using  certain  necessary  saswptions,  a  consarvative  estinats  is  nade 
of  tha  added  coat  to  the  Veterans  Adetntstration  and  the  added 
contrihtttion  hy  the  federal  governeent  for  medical  facilities  and 
training.  This  estimate  for  Veterans  A^inlstratlon  is  158.7  Billion 
and  for  the  federal  government  is  125.2  million.  The  estimated 
total  added  cost  to  the  federal  government  for  veterans .  medical 
facilities  and  ttsining  is  283.9  million  for  the  12  year  period. 
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Eeferencest 


social  Security,  Disability  Applicant  Statistics  -  Annual  Issues  - 
starting  1963  and  continuing  to  date. 

insured  and  Disability  Workers  and  Social  “wM^^^clal 

Program  Characteristics  Benefit  Payments.  1957  -  1963,  Social 
Security  Administration,  Office  of  Research  and  Statistics. 

part  2  -  Diagnostic  and  Demographic  Data,  Federal  Health 

Service  Annual  Statistical  Summary,  Fiscal  Year  1969,  Superintendent 

of  Documents.  U.  S.  Printing  Office.  Washington,  D.C. 

Statistical  Sumnary  to  Annual  Report  1969  Ad"l”l‘>«atl^  of 
Veterans  Affairs,  Superintendent  of  Documents,  «.  S.  Printing 
Office,  Washington,  D.C. 

Subsidy  and  Subsidy  -  Effects  Program  of  the  U.  S.  Government. 
^terUls  prepared  for  the  Joint  Economic  C«»mlttee  Congress 
of  the  U.  S..  U.  S.  Printing  Office,  Washington,  D.C.,  1965. 
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Tabic  1 

Hospital  Ulscharges,  Diagnostic  Groupings 
Mean  Stay  (Days)*  Percentage  of  Total  Due 
to  Autoatohlle  Exhaust 

Percentage  of  Percentage  of^  Percentej. 


Cause 

ICD 

code 

Total 

number^ 

Mean 

stay 

days® 

Total 

stay 

days® 

total  in  diag’ 

noetic 

groupings 

•  diagno.i^tic 
groupings 
due  to  auto 
exhaust 

total 

usage 

auto  1 

ho< 

duf 

exhs 

Total 

All 

42,046 

17.5 

735.805 

JOO 

Lung  Cancer 

160-164 

475 

40.6 

19,285 

2.6 

10 

.26 

Heart‘d 

420 

1341 

19.4 

26,015 

3.5 

2.5 

.09 

Respiratory^ 

500-502 

525-527 

1998 

26.38A 

3.6 

10 

.36 

Total 

.71® 

Source:  FarL 

2  -  Diagnostic  a 

nd  Demographic  I)at«i,  Federal  Hr 

jalth  Programs 

Service 

Annual  Statistical  Summary*  Fiscal  Year  1969,  Tahle  2,  page  10,  U.  S. 
Superintendent  of  Documents,  U.  S.  Printing  Office,  V.'ashingcon,  D.  C. 


a.  The  patients  discharged  from  Public  Health  Service  General  Hospitals  by  diagnostic 
groupings  and  mean  stay  during  fiscal  year  1969. 

b.  Percentages  derived  in  "Cost  to  the  Federal  Government  of  Health  Effects 
Damage  Attributed  to  Air  Pollution  from  Motor  Vehicles. 

c.  Arteriosclerotic  heart  disease  including  coronary  (ICD/^tlO). 

d«  Acute  and  chronic  bronchitis  and  emphysema  (ICD  500-r»02,  525-527). 

e.  Conversion  factor  for  use  en  total  expenditures  for  deriving  extra  expenditures 
due  to  auto  exhaust* 
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T4ible  2 

VA  Expenditures  (Non-Accrual  Basia)-Tlscal 
Years  1958- S9,  1970  Value  of  Added  Expense  Because 
of  Motor  Vehicle  lUuissions 
(Amount  Jn  MilllcM^  Dollars) 


Year 

VA  Medical  and 
administrative 
expenditures* 

Extra  VA 
expenditures 
due  to  auto 
exhaust 

1970  Value 
at  62 
compound 

Interest 

1970  Value  of 
extra  VA  expend! 
due  to  automobll 
exhaust 

1958 

940 

6.67 

2.01 

13.4 

1959 

1,C12 

7.19 

1.89 

13.6 

1960 

1,084 

7.70 

1.79 

13.8 

1961 

1,153 

8.19 

1.69 

13.8 

1962 

1,196 

8.A9 

1.59 

13.5 

1963 

1,246 

8.85 

1.50 

13.3 

1964 

1,292 

9,17 

1.42 

13.0 

1965 

1,358 

9.64 

1.34 

12.9 

1966 

1,406 

9.98 

1.26 

12.6 

1967 

1,518 

10.78 

1.19 

12.8 

1968 

1,620 

11.50 

1.12 

12.9 

1969 

1,735 

12.32 

1.06 

13.1 

Total  158.7 


a.  Source:  Statistical  summary  to  annual  report  1969  Administrator  of  Veterans 
AffairSi  Table  63,  page  59.  This  includes  hospital  and  domiciliary  facilities 
(construction  and  related  costs)*  grants  for  construction  of  state  nursing  homes* 
National  Cancer  Institute  Public  Health  Service  (transfer  to  Veteran  Administration)* 
grants  to  the  Republic  of  the  Philippines*  and  medical  and  administrative  expenses. 
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Tabic  3 


Federal  Expenditures  for  Kedlcal 
Facilities  and  Training 
(aaount  in  ■llllon  dollars) 


Tur* 

Subsidy 
for  private 
hospital 
construction 

Health  B.'inpower 
'  education  and 
utillxation 
support^ 

Training 
fellowship 
and  research 
granted 

Tots! 

19S8 

44 

127 

189 

360 

1959 

62 

161 

240 

463 

1960 

80 

195 

293 

568 

1961 

93 

205 

439 

737 

1962 

95 

224 

582 

901 

1963 

113 

237 

689 

1,639 

1964 

125« 

239 

748 

1,174 

1965 

193 

360 

772 

1,325 

1966 

196 

417 

819 

1,432 

1967 

205 

553 

9U 

1,669 

1968 

253 

634 

847 

1,734 

1969 

255b 

503 

752 

1,510 

a-  Subsidy  and  Subsidy-Ui'facts  rrogirsms  of  the  U.  S.  Government  Materials 
prepared  for  the  Joint  Fconomic  Committee,  Congress  of  the  U»  S.,  U.S.  Printing 
Office,  Vaahington,  D.  C..  1965.  Table  2.  Pp.  Vk  -  25.  Data  for  1960  -  1964  are 
appropriations* 

b.  Construction  reports  -  Value  of  new  construction  put  in  place,  U.  S.  Depart^ 
■ent  of  CoosBcrcc,  Bureau  of  Census,  August  1920,  (/.  5.  Printing  Office, 

Washington,  D.  C.,  Table  5,  P.  11.  Data  for  1965  •  1969  arc  value  of  construction 
ptit  in  place.  / 

c.  NIH  Alnanac  1965,  Prepared  by  Office  of  Information,  NTH,  Bethesda,  Maryland 

20014.  Bureau  of  Health  Professions  l^ucation  and  Mnnpov^er  Training  Support 
Prograos,  Fiscal  Years  1955  1969,  Pp.  66  ->  67.  This  Includes  Hill  -  Burton 

Hospital  construction. 

d«  NIH  Alaanac  1965,  Research  Grant  Appropriations,  Training  Program  Appropriation, 
and  Fellowship  Awards  Appropriations,  Pp.  63,  84,  85. 

c.  Years  1958  *  1959  arc  extrapolated  from  data  for  years  1960  through  1969. 
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Table  f. 

Addlticmal  Federal  Expenditures  for  Hedlcal 
Facilities  and  Training  Due  to  Motor 
Vehicle  Emissions 
(amount  in  million  dollars) 


Year* 

Federal  expendituro 
for  medical 
training  and 
facilities 

•71  percent 
of  total 
expenditure 

1970  value 
at  61 
compound 
interest 

1970  value 
of  added 
expenditures 
exhaust 

19S8 

360 

2.6 

2.01 

5.2 

1959 

463 

3.3 

1.89 

6.2 

1960 

568 

4.0 

1.79 

7.2 

1961 

737 

5.2 

1.69 

8.8 

1962 

90.’ 

6.4 

1.59 

10.2 

1963 

1,039 

7.4 

1.50 

11.1 

1964 

1,174 

8.4 

1.42 

11.8 

1965 

1,325 

9.4 

1.34 

12.6 

1966 

1,432 

10.2 

1.26 

12.8 

1967 

1,669 

11.8 

1.19 

14.1 

1968 

1,734 

12.3 

1.12 

13.8 

1969 

1,510 

10.7 

1.06 

11.4 

•  Total 

125. 2‘ 

Source: 

Table  3 

a.  Years  1958  -  1959  arc  extrapolated  from  data  for  years  1960  through  1969. 


Table  5 


VA  Expenditures  (Kon-Accrual  Ba8ls)*Fl8cal 
Years  1960-69,.  1970  Value  of  Added  Expense  Because 
of  Motor -Vehicle  Emlfislons 
(Apiount  In  Million  Dollars) 


Year 

VA  Medical  and 
administrative 
expenditures^ 

Extra  VA 
expenditures 
due  to  auto 
exhaust 

1970  Value 
at  6X 
compound 

Interest 

1970  Value  of 
extra  VA  expenditure 
due  to  automobile 
exhaust 

1960 

6,376 

45.3 

1,79 

81.0 

1961 

6,802 

48.3 

1.69 

81.6 

1962 

6,709 

47.6 

1.59 

75.7 

1963 

7,004 

49.  7 

1.50 

79.1 

1964 

7,052 

50.} 

1.42 

71.1 

1963 

50.7 

1.34 

67.9 

1966 

7,472 

53.1 

1.26 

66.8 

1967 

8,122 

57.7 

1.19 

68.6 

1968 

8,55j 

60.7 

1.12 

68.0 

1V69 

9,159 

o3.0 

l.OG 

63.9 

Total 

728.7 

a.  Source:  Statistical 

su.'ovti'.  cO  annual 

report  1969  Administrator 

of  Veterans 

Affairs, 

Table  63,  page 

59.  Ihis  includes 

hospital  and  domiciliary 

facilities 

(construction  and  related  costs),  grants  for  construction  of  state  nursing  hones. 
National  Cancer  Institute  Public  Health  Service  (transfer  to  Veteran  Administration), 
grants  to  the  Republic  of  the  Philippines,  and  medical  and  administrative  expenses. 
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Louis  Lonbardo 

Offlca  of  Standards  and  Coapllance,  APOO 
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Donald  G.  Gillette 
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THE  ECONOMIC  COST  OJP  AIR  POLLUTION  FROM  MOl'OR  VEIliCLi;S 
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SUMMAM  ok  KCONOMIC  cost  due  to  air  POUJjTION 
FKOII  MOTOR  VEHTCI.ES 


EstlBates  of  vetietatlve  And  mateilal  damage  due  to  pollutants 
related  to  automotive  emisalona  have  been  examined  In  this  paper. 
The  eattmatea  for  each  type  of  cost  are  summarized  for  the  period 


1953  through  1970  as  follows t 


Type  of  Cost 

Vegetative  .dastage 
Material  damage 
Rubber 
Textiles 

Governmental 

expenditures 

Total 


Cost  to  the 
Federal  Government 
(millions  of  dollarsl 

45 

122 

48 

74 

41 _ 

208 


National  Estimate 
of  Total  Cost 
(millions  of  dollars) 

1,136 

6,173 

3,711 

2,462 

43 _ 

7,352 


Thus  the  total  estimated  cost  was  approximately  $7.4  billion,  and 
Federal  Governmenfa  share  of  this  cost  was  about  $0.2  billion,  or 


2.8  percent  of  the  total. 

For  the  year  1970  the  costs  were  estimated  as  follows 


Type  of  Cost 

Vegetative  damage 

Material  damage 

•  Rubber 

Textiles 

Governmental 

expenditures 


Federal 

(millions  of  dollars), 

■  ^ 

5 

11 

4 

7 


14 

Total  30 


Total 

(millions  of  dollars) 
114 
548 

286 

262 


15 

67T 


Jk. 
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ECONOMIC  COSTS  OK  AIR  POLLUTION  FROM  MOTOR  VKII1CLF.S 

The  autoaobile  was  spawned  by  the  emerging  technology  of  the 
early  twentieth  century.  From  a  total  of  only  8  thousand  motor 
vehicle  registrations  In  1900,  by  1966  the  total  had  reached  more 
than  100  million,^  with  Che  total  doubling  between  1950  and  1968. 

Driving  a  car  has  become  an  Institution  In  this  country.  In  a 
2 

recent  report  It  was  stated  that,  "Use  of  the  private  automobile  for 
personal  transport  has  been  one  of  the  distinguishing  hallmarks  of 
this  Nation's  culture."  The  same  report  goes  on  to  discuss  the  con¬ 
sequences  of  this  phenomena;  "Only  recently  have  social  problems 
associated  with  their  widespread  use,  such  as  air  pollution,  become 
a  matter  of  public  concern.  Automotive  emissions  were  identified  as 
an  important  source  of  atmospheric  contaminants  In  the  early  1950’ a, 
when  they  were  shown  to  be  the  major  contributor  to  the  chemical 
reactions  which  create  atmospheric  smog  In  the  Los  Angeles  basins." 

The  pollution  problem  related  to  motor  vehicles  has  received 
widespread  publicity  in  the  Los  Angeles  area;  however,  it  has  been 
reported  chat  pollution  resulting  from  motor  vehicles  affects  26  of 

3 

California's  58  counties.  Outside  of  California,  manifestations  of 

photochemical  smog  have  been  observed  In  more  than  20  states,  the  District 

a 

.of  Columbia,  Canada,  Mexico,  and  parts  of  Europe.  In  an  attempt  to  roll 
back  the  concentrations  to  the  levels  existing  around  1940,  emission 
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standards  for  CO  and  IIC  have  b«en  inposcd  on  h  national  baals.  Cali¬ 
fornia  has  also  sat  standards  for  NO  and  0 

a  X 

Ona  aeans  of  reducing  pollution  related  to  autoanblle  catssions 
would  be  to  aodlfy  or  cliange  the  power  source.  Soae  aodlf ications 
■Ight  Include  a  high  velocity  carburetor,  an  optiaised  spark  tlalng, 
a  recycling  of  exhaust  gases,  fuel  changes,  and  catalytic  afterburners. 
Perhaps  a  different  type  of  engine  could  be  eaployed;  soac  well-knotm 
examples  include  the  battery  powered  engine,  the  steaa  engine',  the  gas 
turbine,  the  Wankel  (or  rotary)  engine,  tiie  steoa  engine,  the  gas 
engine.^  Unfortunately,  these  latter  alternatives,  if  feasible,  are 
several  years  In  the  future. 

Since  controls  currently  are  required  only  on  new  cars  and  ap- 
proxlaately  4.52  of  the  vehicles  miles  traveled  are  by  vehicles  12 
years  of  age  and  older, ^  the  problea  of  eaissions  from  aotor  vehicles 
will  be  present  for  years,  barring  a  aajor  technological  breakthrough. 
In  view  of  this  situation  it  is  pertinent  for  APCO  to  identify  and 
estimate  the  extent  of  damage  caused  by  pollutants  related  to  vehicle 
esdasions.  This  paper  will  provide  economic  estimates  of  damages  to 
vegetation  and  materials  incurred  by  the  public  and  private  sectors  of 
our  economy. 

I.  The  Effects  of  Air  Pollution  from  Motor  Vehicles  on  Vegetation 
A.  Horticultural  and  field  crops 

Photochemical  or  oxidant  air  pollution  dasMge  to  crops  was  first 
noticed  in  Los  Angeles  County  la  1944.  In  1949  damage  to  eleven  se- 
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lected  leafy  and  vc(>etab]c  crops  in  timl  county  caused  an  cotimated 

g 

loss  of  approximately  $/<80,000.  By  1930  crop  damage  was  reported 
In  the  neighboring  counties  of  Orange,  Riverside,  and  San  Bernardino 

9 

as  well  as  from  the  San  Francisco  Bay  Area.  By  1936  economic  damage 
to  crops  was  reported  in  19  counties  in  the  state  of  California; 

27  counties  were  Involved  by  1961.^^ 

In  1967',  smog  damage  In  Los  Angeles  County  alone  was  estimated  to 

12 

have  caused  s  minimum  of  $4,000,000  In  crop  losses.  These  losses 
were  based  mainly  on  reports  of  actual  field  damage  reported  by  farmers 
or  that  damage  noted  by  field  inspections.  This  figure  does  not  take  into 
account  losses  to  ornaaieneals  chat  have  been  Incurred  by  homeowners  and 
the  like.  Thus,  we  can  conclude  that  this  estimate  is  quite  conservative 
and  Indeed,  the  actual  figure  of  plant  losses  sustained  In  Los  Angeles 
County  is  probably  several  times  higher. 

Crop  losses  due  to  the  effects  of  photochemical  air  pollutants  are 
also  being  realized  throughout  the  agriculturally  rich  San  Joaquin 
and  Sacramento  Valleys. 

The  California  Department  of  Public  Health  estimated  that  annual 

losses  of  agronomic  species  due  to  air  pollution  in  California  could 

total  $100,000,000.^^  Van  Brackle  stated  in  1967  that  in  California 

alone  when  one  considers  more  than  visible-  affects,  annual  smog  damage 

14 

to  agricultural  crops  may  be  as  high  as  $132,000,000. 

Photochemical  air  pollution  damage  to  plants  is  not  unique  to 
California  by  any  swans.  Doisage  symptoaw  of  ozone  have  been  reported 
in  at  least  20  states  and  the  District  of  Columbia, The  same 
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report  cites  tUc  growloa  JmportOHCe  of  phocochiualcal  air  pollution 
along  Che  iiasCern  Scobnord  of  the  United  States.  In  1961  crop  losses 
along  Che  Seaboard  were  conservatively  estlaatcd  at  $18,000,000.^^ 

In  1968  an  catiaated  $3,000,000  loss  to  the  cigar  wrapper  tobacco 
Industry  in  the  Connecticut  Klver  Valley  was  attributed  to  oxidant 
air  pollution. In  the  densely  populated  state  of  New  Jersey,  one 
field  Investigator  has  reported  ozone  injury  on  17  different  crop's 
growing  in  that  area.  Ozone  has  seriously  jeopardized  the  continued 
cosBMCcial  production  of  spinach,  and  possibly  endive,  chicory,  and  some 
varieties  of  petunias  in  New  Jersey,  and  there  is  evidence  that  some 

growers  of  spinach  in  the  Philadelphia  area  have  been  forced  out  of 

18 

production  because  of  increasing  oxidant  levels.  To  what  extent  suto- 
BKtbiles  contribute  to  the  air  pollution  problem  in  this  eastern  section 
of  the  country  is  not  known,  but  it  is  believed  chat  they  are  the  major 
contributor  of  the  raw  material  for  photochemical  air  pollutants. 

The  floricultural  industry  in  many  large  urban  areas  has  historically 
been  affected  by  the  photochemical  pollution  complex.  Years  ago  orchid 
growers  were  forced  out  of  production  in  the  bos  Angeles  Area.  Near 

San  Francisco  the  combined  loss  to  three  orchid  growers  amounted  to 

19 

about  $70,000  in  one  year  alone.  These  losses  were  attributed  to 
ethylene,  a  product  of  the  automobile  exhaust. 


36-993  0  -  79-4 
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B .  OaiMKC  to  foruato 

In  1969  an  eBtiuted  1.3  Billion  pondcrosa  plnea,  which  were 
located  on  approximately  100,000  acrea  of  the  San  Bernardino  National 
Foteat  landa,  were  adveraely  affected  and  exhibited  anog  type  injury 

from  the  generation  of  photochemical  pollutanta  arlalng  out  of  the 
20 

Los  Angeles  Basin.  Because  of  its  proximity  to  Los  Angeles  and,  its 
scenic  beauty,  the  San  Bernardino  Forest  attracts  millions  of  people 
annually  to  partake  of  its  atony  recreational  opportunities.  Land  in 

the  resort  area  adjacent  to  Lake  Arrowhead  has  been  valued  from  $30,000 
21 

to  $60,000  per  acre.  This  land  valuation  is  closely  tied  to  the 

presence  of  ponderosa  pine,  for  similar  plots  without  such  trees  are 

22 

valued  at  less  than  $20,000  per  acre.  To  put  an  economic  valuation 
on  recreational  use,  aesthetic  beauty,  and  %iatershed  protection,  is 
most  difficult,  but  nevertheless  the  loss  is  quite  significant.  Of 
even  more  importance  is  the  potential  area  that  night  be  affected. 

In  addition  to  the  San  Bernardino  National  Forest,  forest  stands  are 

being  affected  by  smog  in  the  Santa  Cruz  area  and  in  the  vicinity  of 
23 

Sequoia  National  Forest. 

C.  Summary  of  Vep.etative  Costs 

As  noted  earlier,  the  first  losses  due  to  vegetative  damage  from 
automobile  related  pollutants  were  reported  in  19A9.  To  estimate  the 
total  vegetative  damage  since  1949,  it  was  assumed  that  the  increased 


47 


daaa);e  was  dlrecrly  proporllonal  Co  Uic  Incrcanc  in  motor  vehicle 
registrations.  The  estlnatcs  of  vegetative  damage  attributed  to  this 
source  of  pollution  for 'the  years  1953  through  1970  inclusive,  are 
shown  in  Figure  1,  For  this  period  the  enlsslons  from  the  automobile 
were  estimated  to  be  responsible  for  $1.1  billion  for  plant  and  crop 
damage  in  this  country.  (See  Table  3) 

The  two  major  ingredients  of  the  photochemical  smog  arc  NO^  and 
osonc.  On  the  average  across  the  nation  38Z  of  tlie  NO^  emitted  into  the 
atansphere  can  be  associated  with  the  automobile.  This  figure  reflects 
a  high,  in  six  west  coast  SMSA's,  of  nearly  S7Z  of  Che  total  oxides  of 
nitrogen  and  a  low  of  only  18Z  of  the  total  oxides  of  nitrogen  in  east 
coast  StfSA's.  However,  Che  persistent  increase  in  pollution  levels  and 
Che  resulting  damages  must  be  attributed  Co  the  automobile. 

It  should  be  recognized  that  the  year  to  year  variation  in  the 

aaounC  of  damage  caused  by  air  pollution  may  be  considerable.  In  1967, 

for  example,  some  estimates  of  damage  reported  in  California  alone  ex> 

24 

ceeded  the  estimated  level  shown  in  Figure  1.  Most  of  the  estimates 
on  vegetative  damage  are  inadequate  for  deriving  national  es’clmates 
because  of  the  lack  of  systematic  methods  of  assessing  damages  and 
the  limited  area  and  number  of  crops  for  which  said  assessments  were 
made.  Consequently,  in  arriving  at  the  national  damage  levels,  ex¬ 
trapolations  of  probable  damage  to  other  crops  and  production  areas 
were  necessitated. 


Millions  of  Dollars 


110 


YEAR 

Figure  1.  ESTIMATED  TOTAL  VEGETATIVE  DAMAGE* 
*  Data  presented  in  Table  3, 
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II.  Material  Danaf.f  Ihie  to  Air  Pollotion  from  Motor  WMclos 

A.  Damage  to  Rubber  Materl.als 
1.  Cost  of  Additives 

The  most  coimon  preventive  measure  employed  to  reduce  damage  due  to 
automobile  emission  pollution  is  the  addition  of  an  autiozonant  to  rubber. 
Preliminary  results  from  a  recent  progress  report  of  a  contracted  study 
Indicate  that  the  cost  of  adding  antlozonaots  Is  approximately  one  per¬ 
cent  of  the  total  market  value  of  tires  sold.^^  The  total  rubber  market 
for  1968  was  $8  billion,^*  and  tires  accounted  for  $5.2  billion  or  65 
percent  of  the  total. Thus,  the  cost  of  adding  antlozonant  to  tires 
in  1968  amounted  to  $52  million.  Not  all  of  this  cost,  however,  can 
be  attributed  to  the  pollutants  emitted  by  the  automobile.  Since 
ozone  occurs  naturally  in  the  atmosphere,  there  would  even  be  ozone  con¬ 
centrations  without  internal  combustion  engines.  This  background 
concentration  at  sea  level  has  been  estimated  as  about  .02  to  .04 
ppm.*®  Consequently,  the  total  antlozonant  costs  for  tires  were 
discounted  by  20  percent  to  reflect  a  more  realistic  estimate  of  those 
costs  that  can  be  attributed  to  auto  emissions.  In  1968  this  cost  was 
estimated  to  be  around  $42  million.  With  1968  as  the  base  year  and 
assuming  the  cost  per  tire  of  the  additive  remained  constant  for  the 

period  of  interest,  the  annual  cost  was  estimated  as  follows  based  on  the 
,  29 

number  of  tires  shipped. 

Cost  (x  year)  -  number  of  Tires  Shinned  (x  year)- 
Cost  -  1968  ”  Number  of  Tires  Shipped  -  1968 


YEAR 


Figure  2.  THE  COST  OP  ANTIOZONANT  ADDED  TO  RUBBER  MATERIALS 
TO  RETARD  DAMAGES  ATTRIBUTABLE  TO  VEHICLE  EMISSIONS* 


Data  presented  in  Table  3. 
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From  1*153  to  1970  Jncluciivc,  the  eotimotcd  costs  attributed  to  the 
automobile  wns  $523  million. 

As  stated  above,  approximatley  6S  percent  of  the  nation's  rubber 
production  goes  into  tires.  Twenty  percent  of  the  total  production  docs 
not  go  into  tires,  but  Is  also  treated  with  antlozonant.  Assuming 
the  cost  of  adding  antlozonants  to  these  rubber  products  Is  one  percent 
of  the  total  market  value  and  the  ratio  of  the  production  of  rubber 
products  treated  with  antlozonants  to  tire  production  remains  the  same, 
the  total  cost  of  the  antlozonant  for  this  type  of  rubber  was  estimated 
to  be  $163  million  for  the  18  year  period. 

Figure  2  shows  the  cost  of  antlozonant  added  to  rubber  materials 
to  retard  damages  attributable  to  vehicle  emissions  from  1953  to  1970, 

The  data  Including  the  annualized  costs  can  be  found  In  Table  3. 

2.  Premature  Failures  and  Seplacenents  Costs 

The  second  element  to  be  considered  in  estimating  the  cost  of  pol¬ 
lution  damage  to  rubber  goods  Is  the  cost  of  replacement.  Obtaining 
information  on  the  types  and  numbers  of  failures  of  rubber  products 

and  even  more  Important  the  causes  of  these  failures  Is  understandably 

30 

a  difficult  problem.  For  the  major  subgroup  tires,  a  recently  completed 

research  contract  yielded  an  estimate  of  replacement  cost  for  the  year 

31 

1970  of  $3'i  million,  Ttie  assumptions  made  were  that  not  over  3  percent 

of  tire  r?.placcmont  is  caused  by  sidewall  failure  and  that  these  tires 

32 

have  been  driven  an  average  of  75  percent  of  their  normal  life.  The 
cost  of  replacement  for  tires  was  estimated  as  $A96  million  for  the 
period  1953  through  1970  as  follows: 
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Cost  (x  venr)  Ifotox  Vchit-1^  Rcn.isLraLl“^J.?-i‘'ii^ 

Co8t'tf97o)'  "  Motor  Vehicle  Reel  strntion  (19/0) 

Mechanlc.ll  goods.  Wire  and  cable,  hoses,  and  miscellaneous  goods 
comprise  the  category,  other  rubber  products.  /h>  estimate  of  replacement 
costs  for  this  group  for  the  year  1970  is  $189  million  at  the  retail 
level.^^  Xlie  estimate  does  not  include  the  labor  cost  of  replacement 
since  a  realistic  estimate  cannot  be  made.  With  1970  as  the  base  year, 
the  annualized  cost  for  the  period  of  interest  was  estimated  as  follows: 


Cost  (x  year)  _  Motor  Vehicle  Registration  (x  year) 
Cost  (1970)  ”  Motor  Vehicle  Registration  (1970) 


The  estimated  total  cost  from  1953  through  1970  was  $2,5  billion. 

An  additional  area  in  estimating  the  cost  of  pollution  damage  to 
rubber  goods  relates  to  the  replacement  of  costly  assemblies  when  a 
rubber  component  fails.  It  is  extremely  difficult  to  estimate  this 
type  of  damage  because  it  is  frequently  not  known  which  component  caused 
the  failure.  A  few  estimates  for  certain  types  of  industry  have  been 
attempted,  A  wire  and  cable  Industry  spokesman  estimated  that  if  labor 
costs  are  included,  the  cost  to  that  single  industry  might  be  as  high 
as  $2«  million  annually.^*  The  autoraotiyf  industry  also  has  a  replace¬ 
ment  problem  otter  than  tires,  but  no  figures  are  available,  to  date 
-there  is  no  estimate  of  the  total  cost  for  entire  subassemblies,  but 
indications  are  that  the  costs  will  be  substantial. 
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RUWIAI'.Y  OF  COiiTR  FOU  07.0ra;  DAJIACI-:  TO  KUIilil'U 
ATTRIKUTFD  TO  AUT-OMOBlLli  EMISSIONS  1953-70 


Millions  of  dollars 


Antlozonemt  (tires)  523 
Antlozonant  (non -tires)  163 
Premature  failure  (tires)  A96 
Premature  failure  (other  products)  2529 

3711 


B .  Damage  to  Textiles 

1.  Deterioration  of  textiles 

The  damage  to  fabrics  due  to  air  pollution  resulting  from  motor 

vehicle  emissions  Is  difficult  to  assess.  An  attempt  to  estimate 

textile  damages  (fading  excluded)  due  to  gaseous  pollution  was  made 

35 

bp  Salmon  of  the  Midwest  Research  Institute.  To  obtain  the  values 
presented  In  Table  1,  Salmon  used  the  product  of  annual  dollar  volume, 
economic  life,  and  a  labor  content  factor  to  provide  a  measure  of  the 
total  value  of  a  material  In  use.  Multiplying  this  total  value  by 
the  fraction  of  the  material  actually  exposed  to  air  pollution  provided 
a  value  of  In-place  material  exposed  to  air  pollution. 


53  55  57  59  61  63  65  67  69 

YEAR 

Figure  3.  ECONOMIC  LOSS*  TO  TEXTILES  DUE  TO  AIR  POLLUTION 
FROM  MOTOR  VEHICLE  EMISSIONS** 

'  *  ■ 

Fading  of  dyes  excluded. 

Data  presented  In  Table  3. 
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tABLK  I 

DETERJORATIQM  DUE  TO  CASEOUS  POLLUTION 


VaIuc  u(  In-placR 


Fabric 

Annual 

Production 

(Billionfl) 

Economic 

Life 

Material  Exposed 
to  Air  Pollution 
(Billions) 

Economic 

Loss  to  Textiles 
(Millions  of  Dollars) 

Cotton 

3.34 

6 

3.80 

152.0 

Wool 

1.08 

6 

2.48 

99.2 

Nylon 

.83 

6 

.95 

38.0 

Cellulose  ester 

.22 

6 

.82 

32.8 

Rayon 

.29 

6 

.33 

15.2 

Acrylics 

.17 

6 

.19 

7*6 

Acetate 

.16 

6 

.19 

7.6 

Polyester 

.14 

6 

.16 

6.4 

Polyolefins 

.04 

_6 

■  04 

1.6 

Total 

6.27 

8.96 

360.4 

If  one  assumes  that  ono'^third  of  this  damage  nay  be  attributed  to 
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0^  and  perhaps  NO^  from  automobiles^  then  the  estimate  of  annual  damages 
to  textiles  would  be  approximaivXy  $120  million*  Correcting  for  an 
0^  background  of  20%,  the  estimate  for  19C8  bccomns  $96  million* 

Using  the  national  income  of  the  tcxtilt^. industries  from  apparel  and 
fabricated  textile  products  for  the  past  18  years  ond  assuming  the  damage 
is  proportional  to  the  nimber  of  vehicles  in  usc»  the  annual  costs  were 
estimated  using  1968  as  the  base  year. 
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Cost  (x  ye;^r)  „  Nnlion.Q  Incomo  (x  vc»ar)  ^  Mv>tor  Volijrlc  Tlcr^jstraHons  (x  year) 

Cost  -  J968  Niitionnl  incontc  -  1908  ftoior  VchirJc'  RrgistratJ.oos  -  1903 

The  total  costs  for  the  l>crlod  of  interest  was  about  $1.1  billion. 

2«  Fading  of  dyes 

Preliminary  estimates  of  the  economic  cost  of  the  fading  of  dyes 

on  textiles  due  to  NO  and  0.  have  been  obtained  from  a  contract  now 
X  3 

37 

in  progress.  The  numbers  must  be  qualified  insofar  as  the  final 
figures  will  be  based  upon  more  complete  production  data  and  remedial 

processing  costs.  However,  the  contractor  believes  that  the  relative 

magnitude  of  the  estimates  will  remain  unchanged.  The  damages  from  NO^ 

have  been  modified  to  account  for  the  fact  that  only  about  50Z  of  the 

38 

MO^  emitted  into  the  atmosphere  comes  from  motor  vehicles.  The 
assumption  that  20  percent  of  the  0^  concentration  may  be  attributed 
to  background  was  retained  for  this  section. 

The  economic  cost  of  fading  of  acetate  dyed  fabrics  was  broken 
down  into  several  categories.  These  include  increased  cost  of  dyes 
more  resistant  to  NO^  fading;  cost  of  inhibitors  for  cheaper  dyes; 
cost  of  research;  cost  of  quality  control  related  to  use  of  more  ex* 
pensive  dyes;  loss  due  to. fading  at  the  manufacturer  or  retail  levels 
and  cost  to  consumers  in  the  form  of  reduction  in  wear*ll£e.  The 
•annual  total  cost  of  NO^  damage  to  acetate  dyed  fabrics  was  estimated 
to  be  $36  million. 


57 


The  cconninlr  cost  of  NU^  fadiiij;  of  dyes  on  viscose  rayon  was 
estimated  by  assuming  a  two  year  wear-life  and  a  premature  loss  In 
wear-life  of  10  percent;  The  annual  estimated  cost  totaled  $11  million. 

The  economic  cost  of  HO^  fading  of  cotton  dyes  was  estimated  for 
three  types  of  dyes.  The  annual  damage  attributable  to  NO^  from  motor 
vehicles  was  estimated  to  be  $3  million  for  sulfur  dyes,  $7.5  million 
for  direct  dyes  and  $1  million  for  reactive  dyes,  for  a  total  cost  of 
$11.5  million. 

One  further  estimate  of  NO^  damage  was  the  cost  of  optical  brightners. 
These  brightners  are  employed  to  retard  yellowing  of  whites  for  acetates, 
spandex  and  nylons.  The  total  cost  in  this  area  was  about  $2.8  million 
annually. 

The  ozone  fading  of  polyester-cotton  on  permanent  press  fabrics 
was  also  investigated.  The  annual  cost  of  research,  quality  control 
and  testing,  use  of  remedial  dyes  and  finishes,  extra  cost  of  higher 
operating  temperatures,  and  fading  on  manufacturers  and  retail  shelves 
was  estimated  as  $13.6  million.  The  cost  of  ozone  fading  of  acetate 
and  triacetate  fabrics  was  also  estimated,  and  the  ozone  related  damage, 
excluding  background,  was  calculated  as  about  $20  million. 

One  other  sector  of  the  textile  industry  investigated  was  the 
economic  cost  of  ozone  fading  on  nylon  carpets.  The  total  cost  to 
that  Industry  of  ozone  related  damages  and  research  was  estimated  at 
approximately  $33  million. 
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A  aumary  of  the  enrlioatcd  coatu  follovu  for  the  year  1968: 


Milllona  of  dolXere 


NO^  fading  of  acetate  and  triacetate 
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NO^  fading  of  dyes  on  viscose  rayon 

11 

NO^  fading  of  cotton 

11. S 

NO^  yellowing  of  whites  on  acetatc-nylon-spandex 

2.8 

0^  color  fading  of  dyes  on  acetate  and  triacetate 

13.6 

0^  color  fading  on  pexwanent  press  garments 

20 

0^  color  fading  on  nylon  carpets 

33 

Total 

127.9 

The  overall  estlnate  of  damage  for  the  18-ycar  period  was 
determined  as  follows  using  tiic  rate  of  change  of  the  national  Income 
of  the  textile  Industry  and  assuming  the  level  of  damage  to  be  directly 
proportional  to  the  number  of  motor  vehicles: 


Damage  (x  year)  ^  National  Income  Textiles  (x  year)  Motor  Vehicle  rvCRistratlcnR  (x  year) 

Damage  -  1968  National  Income  Textile  -  19^  Motor  Vehicle  Registrations  •  1968 

The  annual  costs  are  indicated  in  Figure  5  and  Table  3.  The  estimated 
cost  for  the  18-year  period  was  about  $1.4  billion. 

III.  Governmental  Expenditures  Related  to  Air  Pollution  from  Motor  Vehicles 

Since  1956,  the  Federal  Government  has  designated  a  considerable  sum 
of  money  for  research  related  to  emissions  from  motor  vehicles.  An 
effort  has  beeo  made  to  estimate  the  expenditures  for  research  grants. 
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survey  and  demonstvat Ion  i;rnnts,  control  agency  funds,  and  direct 
opcracinns. 

The  annualised  data  for  the  expenditures  dciu>tcd  above  have  been 
tabulated  In  Table  2.  Tlie  expenditures  of  the  Federal  Governnent  were 
eatlnated  to  total  $41,3  nilllon  and  the  state  and  local  funds  were 
estluted  as  approxlaately  $1.7  nilllon  for  the  period  of  reference. 

IV,  Cost  to  the  Federal  Governnent  of  Daaage  Attributed  to  Air  Pollutants 
from  Motor  Vehicles 

A.  Vegetative  Danace 

The  costs  to  the  Federal  sector  are  estimated  to  be  mlnlnal  relative 
to  the  total  economic  impact  of  plant  losses.  The  smog  damage  to  more 
than  100,000  acres  in  the  San  Bernardino  and  Angeles  National  Forests 
in  southern  California  represents' the  major  cost  to  the  Federal  Govern- 
Mnc.  As  stated  earlier,  some  1.3  million  trees  are  affected  to  some 
extent  by  the  photochemical  air  pollution  emanating  from  the  Los  Angeles 
megalopolis. 

Economic  costs  would  Include  a  reduction  in  tree  growth  and  thus  a 
loss  In  timber  value,  some  loss  In  watershed  protection,  a  decrease  In 
aesthetic  quality  and  perhaps  recreational  use  of  the  forests,  and  a 
potential  impact  on  the  wildlife  habltat"as8ociaCcd  with  forest  cover. 
Considering  the  evidence  of  air  pollution  damage  that  has  been  presented 
it  can  be  estimated  that  the  annualized  costs  in  1969  may  total  $5,000,000, 
and  may  be  as  much  as  $40,000,000  for  the  period  of  Interest. 
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B .  Motcri nJ  dmnnBC 

The  total  cost  of  antlozonnnt  which  is  added  to  rubber  to  retard 
cracking  nay  be  broken  down  into  public  and  private  costs.  The  cost 
to  the  Federal  Government  was  cstiaated  by  employing  production  figures 

for  defense-oriented  Industries  and  data  obtained  from  the  Annual 
39 

Kotor  Vehicle  Report.  Based  upon  this  data.  It  was  estimated  that 
three  percent  of  the  antiozonant  cost,  or  about  $21  nlllion,  could  be 
attributed  to  the  Federal  Governnent  for  the  period  In  reference. 

It  should  be  noted  that  the  assumption  was  made  that  even  though 
the  Federal  Government  purchases  its  tires  at  a  cheaper  rate,  the  cost 
of  the  antiozonant  was  the  same. 

The  Federal  Government's  share  of  the  cost  of  tire  replacement  was 

determined  by  taking  the  proportion  of  the  federal  fleet,  approximately 

40 

O.SZ  of  all  the  motor  vehicles,  times  the  total  cost  of  tire  replace¬ 
ment  due  to  ozone  damage.  This  leads  to  an  estimate  of  approximately 
$2.S  million  for  the  18-year  period. 

The  Federal  Government’s  portion  of  the  cost  of  replacing  other 
rubber  products  such  as  mechanical  goods,  hoses,  wire  and  cable,  and 
miscellaneous  goods  was  estimated  by  assuming  that  the  government 
installations  use  one  percent  of  these  gi^ds.  The  estimated  cost  to 
the  Federal  Government  was  then  calculated  to  be  about  $25  million 
from  1953  to  1970. 

The  Federal  Government's  share  of  the  economic  loss  to  textiles 
due  to  air  pollution  from  motor  vehicles  was  estimated  by  assuming 
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that  3*  of  this  market  was  vutchaaad  by  the  Yedernl  Government.  The 
total  damage  to  textiles  was  estimated  as  $2,462  milUon  and  the  federal 

share  was  estimated  to  be  about  $74  million. 

A  summary  of  the  damage  coats  to  the  Federal  Government  for  the 

years  1953  through  1970  as  follows; 


millons  of  dollars 


Vegetation 

Antloxonant 

PreBature  tite  failure 

premature  failure  (other  rubber  goods) 

Textiles 

Total 


45.0 

20.6 

2.5 

25.3 

73.9 

167.3 


36-993  0  -74-5 


TABLE  2 
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Cost  to  the  Fcdct,..!  Covernaeat  o(  Health  Effects 

Attributed  to  Air  Pollutioa  fro«  Hotor  Vehicles^ 

W.  B.  Riggan,  Rjiy  Sharp,  R.  W.  Buechley,  W.  C.  Nelson,  and  V.  A.  Newlll 

Of  the  components  considered  in  a  cost  benefit  analysis  of  air  pollution 
control,  the  health  component  is  the  most  difficult  to  assess.  This 
report  la  the  first  halting  step  to  quantify  health  costs  from  a  major 
pollutant  source  -  motor  vehicles.  The  report  considers  only  direct 
costs  to  the  Federal  Government. 

Some  of  tho.covarlat-a  which  confound  the"  results  of  health  studies 
of  air  pollution  are:.  S.Tioklng  history,  occupational  exposure,  popula¬ 
tion  age  structure,  population  mobility  and  residential  exposure.  .  . 

The  major  pollutants  omitted  by  motor  vehicles  are:  (1)  hydrocarbons; 
(2)  carbon  monoxide;  (3)  oxides  of  nitrogen;  and  (4)  lead  and  its 
compounds  contained  In  emitted  particulates.  Automobile  exhaust  is 
the  major  sourco  of  pollutants  which  react  photochemlcally  to  form 
oxidants. 

The  percentage  of  deaths  attributed  to  motor  vehicle  pollution  are 
based  on  the  results  of  epidemiological  studies.  Deaths  from  long 
cancer,  bronchitis,  arteriosclerotic  heart  disease  Including  coronary 
disease,  and  motor  vehicle  accidents  are  used  In  estimating  the  cost. 
Had  these  people  lived  u  normal  life,  they  would  have  paid  Income  taxes 
like  normal  individuals  from  the  same  age  cohort.  Present  values  are 
needed  of  all  income  taxes  which  would  have  been  paid.  First,  1960 
life  tables  were  modified  by  adjusting  the  probability  of  death 


for  each  of  the  above  causes  of  death*  Hew  life  cables  were  cal¬ 
culated  for  5  year  age  Intervals  and  for  both  sexes.  Coepound 
interest  at  6  percent  was  added  to  Incoee  taxes  which  would  have  been 
paid  before  1970  and  future  Incoaie  tax  payments  which  would  have  been 
made  after  1970  were  discounted  at  6  percent. 


Results  of  epidemiological  studies  were  used  to  derive  the  percenUge 
of  disabled  workers  with  bronchitis  and  heart  disease  attributed  to  motor 
vehicle  pollution.  These  percentages  were  applied  to  social  security 
payments  for  the  years  1958-196.  Compound  Interest  at  6  percent  was 
added  to  annual  payments  to  arrive  at  the  present  value,  January,  1970. 
Future  payments  for  those  who  had  not  reached  65  by  January,  1970  have 
not  been  Included. 

Information  la  not  available  on  reduction  in  production  resulting  from 
eye  Irricaclon  bv  o^jlda.nts, Estimates  of  the  cost  from  lost  production 
of  government  employees  Is  calculated  using  the  measured  oxidant 
level  at  the  continuous  air  monitoring  station  In  Washington,  D.C. 

This  Is  based  on  an  assumed  10  percent  reduc  work  output. 
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This  is  not  Che  coepleCc  answer.  Ic  Is  our  flrsc  atccnpc  and  one 
which  wc  present  wlch  Blsgivlngs.  Our  aisgivlngs  come  from  the 
inabiXicy  of  health  studies  to  assess  Che  relative  contribution 
of  relevant  covarlatea. 
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Bureau  of  Criteria  and  Standards,  National  Air  Pollution  Control 
Administration,  Environmental  Health  Service,  Public  Health  Service, 
Department  of  Health  Education  and  Welfare,  211  West  Chapel  Hill 
Street,  Durham,  North  Carolina  27701 
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Cost  to  the  Federal  Government  of  Health  Effects  Damage  Attributed  to 

Air  Pollution  from  Motor  Vehicles. 

OUTLINE  '  J  L 

Summary  •  .  : - 

I.  Emissions  -  Health  Effects 

A.  Hydrocarbons  -  Health  Effects 

V 

B.  Carbon  Monoxide  -  Health  Effects 

C.  Oxidants  -  Photochemical  Smog  -  Health  Effects 

0.  Oxides  of  Nitrogen  -  Health  Effects 

E.  Lead  -  Health  Effects  and  body  burden 

F.  Minor  emitted  pollutants  •  Health  Effects 

II.  Cost  to  the  Federal  Government 

A.  Method  of  calculating  loss  of  income  tax  collection  because  of 
premature  death. 

B.  Lung  cancer  -  loss  of  income  tax  because  of  premature  death 
ICO  160-164 

C.  Bronchitis  -  loss  of  income  tax  because  of  premature  death 
ICO  500-502,  525-527 

D.  Arteriosclerotic  heart  disease.  Including  coronary  disease  - 
loss  of  income  tax  because  of  premature  death,  I  CD-420 

E.  Motor  Vetiicle  Accidents  -  loss  of  income  tax  because  of  premature 
death,  ICO  E810-E83S 
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F.  Disability  payments  by  Social  Security  to  workers  who  have 
not  reached  65  years  of  age. 

1.  Method  of  calculations 

2.  Social  Security  payments  to  workers  disabled  -  because  of 
motor  vehicle  pollution 

a.  Bronchitis  ICO  500-502  ,  525-527 

b.  Arteriosclerotic  heart  disease  Including  coronary  disease 

3.  Estimate  of  loss  of  productivity  of  federal  employees, 

SMSA,  Washington,  0.  C. 

4.  Other  sources  of  loss  which  have  not  been  Included. 


Sumnary: 

EstiMtes  of  cost  to  the  federal  government  of  health  effects  damage 
related  to  motor  vehicle  emitted  pollutants  are  examined  In  this  paper. 
Present  value,  January.  1970  of  Federal  Income  Tax  which  would  have 
been  paid  "after  death"  by  the  people  who  died  prematurely  from  automotive 
pollution  in  1953*1961  and  1962-1969,  had  they  lived  normal  lives  is  shown 
in  Table  1.  This  total  is  $1.9  billion. 

Present  value,  January,  1970  of  social  security  payments  to  disabled 
workers  from  automotive  pollution  in  1958-61  and  1962-69  is  shown  in 
Table  2.  These  are  disabled  workers  who  have  not  reached  65  years  of 
age.  This  total  is  $189.4  million.  This  is  an  underestimate 
since  it  does  not  include  payment  to  widows  and  dependents,  disability 
payments  after  December  1969,  lump  sum  payments  for  premature  death, 
or  loss  of  income  tax  payments. 

Deaths  in  Table  1  and  disabled  workers  from  automobile  pollution  are 
based  on  health  studies.  These  are  cited  in  discussion  and  justification 
for  use  of  each  value.  Estimate  of  present  value  of  lost  production 
by  federal  government  workers  in  Washington,  D.  C.,  SMSA  for  1960- 
61  and  1962-69  is  shown  in  Table  1.  The  number  of  hours  of  eye  irritation 
is  based  on  measured  oxidant  levels  at  CAMP  stations  in  Washington, 

0.  C.  The  payrolls  are  the  actual  payrolls  in  the  area.  The  reduction 
in  work  is  an  estimate.  There  are  no  study  results  on  the  reduction 
in  productivity.  The  figure  of  10  percent  reduction  in  productivity 
seems  reasonable.  The  estimated  loss  value  is  $97.1  million. 
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Table  1. 

Value  In  January.  1970  of  Federal  Income  Tax  which  would  have 
been  paid  “after  death"  by  the  people  Indicated  below  who  died 
In  1953-1961  and  1962-1969,  had  they  lived  normal  lives. 


Present  value  of  taxes  which 
would  have  been  paid _ 

(Millions  of  dollars) 

Deaths 


resurrected 

1953-1961 

1962-1969 

Total 

10S  of  lung  cancer 
deaths  (ICO  160-164) 

128.6 

141.6 

270.2 

lot  of  bronchitis 

deaths  (ICO  500-502.  525-527) 

57.6 

67.9 

125.5 

2.5t  of  heart  disease 
deaths  (ICO  420) 

227.5 

199.4 

426.9 

lOt  of  motor  vehicle 
deaths  (E81 0-835) 

544.4 

541.6 

1.086.0 

Total 

958.1 

950.5 

1 .908.6 
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Tab1«  2. 

Value  In  January,  1970  of  Social  Security  payment  to  disabled 
workers  with  emphysema  and  arteriosclerotic  heart  disease  In¬ 
cluding  coronary  for  the  period  of  1958-1961  and  1962-1969. 


Present  value  of  payments  which 
would  not  have  been  made. _ 


(Thousand  Dollars) 


Category  of 

Disabled  workers 

1958-1961 

1962-1969 

Total 

10  percent  of  emphysema 
(ICO  500-502.  525-527) 

21,654 

93.136 

114,790 

2.5S  of  arteriosclerotic 
heart  Including  coronary 
(ICO  420) 

14,916 

59.692 

74,608 

TOTAL 

36,570 

152,828 

189.398 

a.  This  table  Includes  payments  through  1969.  Disability  payments  are 
not  Included  for  1970  and  after  for  disabled  workers  receiving  dis¬ 
ability  payments  In  1969  but  who  have  not  reached  65. 


36-993  0  -  74  -6 
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Table  3  sunnarlzes  the  costs  shown  In  Table  1  and  2.  The  total 
dollar  cost  attributed  to  mtor  vehicle  pollution  is  $2.2  billion. 

This  is  a  gross  underestimate  because  of  many  omissions.  Some  of  the 
omitted  costs  to  the  Federal  Government  of  health  effects  damage 
are: 

1.  Added  treatment  cost  of  veterans; 

2.  Added  contribution  to  medical  facilities  and  training  by 
the  Federal  Government: 

3.  Added  cost  of  health  research  by  the  Federal  Government; 

4.  Added  cost  of  government  operation  because  of  loss  of 
productivity  from  automobile  pollution  outside  of  Washington, 
0.  C..  SHSA; 

5.  Loss  of  income  tax  payments  by  disabled  workers; 

6.  Payments  to  disabled  workers  after  1969  v/ho  were  disabled 
prior  to  1970. 

What  is  the  cost  of  impaired  lung  development?  We  have  observed 
this  in  second  grade  school  children  in  the  dirtier  areas  of 
Cincinnati  and  in  the  high  NO2  area  of  Chattanooga.  Impaired  lung 
development  precedes  chronic  respiratory  disease  in  adults.  The  * 
Incidence  of  Ag/Hong  KQng/68  was  higher  in  dirtier  areas  and  influenza 
home  confinement  of  second  grade  school  children  was  significantly 
longer.  Is  this  part  of  a  submerged  iceberg  we  cannot  see? 

This  is  not  the  complete  answer.  It  is  our  first  attempt  and  one 
which  we  present  with  misgivings.  Our  misgivings  come  from  the 
inability  of  epidemiological  studies  to  assess  the  relative  contri¬ 
bution  of  relevant  covariates. 
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Table  3 

Value  in  January,  1970  loss  of  Income  tax  due  to  premature  death,  social 
security  payment  to  disabled  workers,  and  loss  of  productivity  In  SMSA 
Washington,  0.  C. 

(Million  dollars) 


1953-1961 

1962-1969 

Total 

Premature  deaths 

960.3 

953.0 

1,913.3 

Social  Security  Payments 

36.6® 

152.8 

189.4 

Loss  of  productivity 
Washington,  0.  C. 

77.3 

97.1 

19.8*^ 

TOTAL 

1,016.7 

1,183.0 

2,199.8 

a  For  years  1953-1961 

b  This  estimate  Is  based  on  a  10  percent  reduction  in  productivity 
of  federal  government  workers  due  to  eye  Irritation  from  smog 
during  hours  oxidant  concentrations  are  at  or  above  the  eye 
irritation  threshold  level  at  the  CAMP  station, 
c  For  1960  and  1961 
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INTRODUCTION 

The  health  component  of  cost  benefit  analysis  of  air  pollution 
Is  the  most  difficult  to  assess.  Other  major  components  are:  (1) 
material  damages  and  (2)  agricultural  crop  and  livestock  damages. 

This  report  Is  the  first  halting  step  to  quantify  the  health  cost 
from  a  major  pollutant  source.  It  considers  only  direct  cost  to  the 
Federal  Government. 

Many  difficulties  are  encountered.  Motor  vehicles  are  not  the 
only  source  of  pollution.  Epidemiological  studies  must  (need  to) 
assess  the  relative  contribution  of  other  pollutants  as  well  as  the 
contribution  by  the  pollutant  of  Interest.  Many  studies  have  used 
smoke  shade,  suspended  particulate  or  some  other  measure  as  an  index 
of  air  pollution  level.  Pollutants  usually  measured  are  those  we 
know  how  to  measure  using  relatively  inexpensive  instruments. 

Another  serious  problem  Is  the  location  of  air  sampling  stations. 

One  or  tvro  stations  located  In  the  central  city  are  generally  all  we 
have  to  characterize  the  ambient  air  of  a  city.  These  stations  may 
be  at  ground  level,  on  the  top  of  buildings,  or  even  on  TV  towers.  The 
national  air  sampling  network  Is  designed  to  indicate  trend  over¬ 
time  but  they  are  not  designed  to  measure  the  difference  in  air 
pollution  levels  in  two  or  more  cities. 

What  about  the  effects  of  cigarette  smoking  and  occupational 
exposure?  Nonsmoking  uranium  miners  and  asbestos  v/orkers  have  a 
lung  cancer  rate  similar  to  the  population  average  for  nonsmokers. 
Cigarette  smokers  among  uranium  miners  and  asbestos  workers  develop 
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lung  cancer  at  a  rate  several  times  higher  than  the  population 
average  for  smokers  and  a  much  younger  age.  This  synergestic 
effect  undoubtedly  exists  betMeen  other  pollutants  and  cigarette 
smoking. 

We  knoM  about  acute  effects  of  automobile  pollution.  Suicides 
and  accidental  deaths  occur  periodically  from  breathing  automobile 
exhaust.  What  vs  the  chronic  effect  from  long  time  exposure  to  lower 
levels  of  motor  vehicle  pollution?  Studies  are  complicated  by  smoking 
history,  occupational  exposure,  population  age  structure,  population 
mobility  and  residential  exposure.  We  are  Just  beginning  to  identify 
some  of  these  factors  qualitatively. 

We  do  not  expect  experimental  quantitative  results.  Mortality 
has  not  proved  as  useful  as  we  had  hoped.  Even  in  an  acute  air 
pollution  episode  the  first  to  die  are  the  elderly  with  existing 
chronic  diseases  and  difficulties.  In  an  air  pollution  episode  the 
chronic  disease  will  be  coded  on  the  death  certificate  as  the  cause 
of  death  and  not  air  pollution. 
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I,  Emissions  -  Health  Effects 

Motor  vehicle  exhaust  In  1965  accounted  for  60  percent  by  weight  of 
total  national  air  pollution  emissions^.  The  major  emitted  pollutants 
are:  (1)  hydrocarbons:  (2)  carbon  monoxide^;  (3)  oxides  of  nitrogen; 
and  (4)  lead  compounds  which  are  contained  In  emitted  particulates. 

Oxidants  are  among  the  products  formed  from  emitted  pollutants  by  a  complex 
system  of  atmospheric  reactions  between  hydrocarbons  and  oxides  of 
nitrogen  Initiated  by  sunlight.  Automobile  exhaust  Is  the  major  source  of 
pollutants  which  react  photochemical 1y  to  form  oxidants. 

Minor  emitted  pollutants  from  automobile  exhaust  are:  (1)  particulates 
other  than  lead  compounds;  (2)  oxides  of  sulfur;  and  (3)  trace  elements, 
e.g.  barium,  boron  and  other  fuel  additives.  The  Importance  of  the  minor 
emitted  pollutants  depends  on  future  use  of  fuel  additives. 

Registered  passenger  cars  doubled  between  1950  and  1967  (Figure  1), 

that  Is,  the  number  of  automobiles  registered  changed  from  40  million 

to  80  million  (  Table  4  ).  in  like  manner,  fuel  consumed  on  our  highways 

2 

Increased  from  36  billion  gallons  in  1950  to  78  billion  gallons  in  1967 
(Figure  2).  The  American  Automobile  Manufacturers  Association  estimate  that 
there  will  be  118  million  passenger  cars  by  1975.  This  estimate  Is  a 
three-fold  increase  In  automobiles  over  1950. 

Road  tests  of  1966  automobiles  equipped  with  exhaust  control  devices 
like  those  Installed  on  new  1968  automobiles  were  conducted  In  five  cities. 
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Table  4 

Registered  Autonobiles  and  Fuel  Consuned 


Passenger 

Fuel  Consumption 

Cars 

Highway 

Year 

(000.000) 

(000.000.000) 

1950 

40.3 

35.7 

1951 

42.7 

38.1 

1952 

43.8 

40.6 

1953 

46.4 

42.7 

1954 

48.5 

44.4 

1955 

52.1 

47.7 

1956 

54.2 

50.2 

1957 

55.9 

51.9 

1958 

56.9 

53.4 

1959 

59.5 

56.3 

1960 

61.7 

57.9 

1961 

63.3 

59.3 

1962 

65.9 

62.0 

1963 

69.0 

64.5 

1964 

72.0 

67.9 

1965 

75.3 

71.1 

1966 

78.3 

74.6 

1967 

80.3 

77.7 

1968 

83.7 

81.0* 

1969 

87.0* 

84.3* 

Source:  Automobile  Facts  and  Figures,  Automobile  Manufacturers 
Association,  320  New  Center  Building,  Detroit, 
Michigan  (1968) 


*  Estimated 
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Reductions  In  emissions  were  67  percent  for  carbon  monoxide  and  35  percent  for 
Ivydrocarbons  while  oxides  of  nitrogen  Increased  26  percent^. 

The  build  up  In  ambient  air  of  pollutants  other  than  oxides  of 
nitrogen  Is  tending  to  level  off  as  a  result  of  Installation  of  pollution 
control  devices.  However,  today  only  a  little  over  one-fifth  of  the  passenger 
cars  registered  are  equipped  with  these  devices. 

A.  Hydrocarbons  -  Health  Effects 

Automobile  exhaust  Is  the  major  source  of  hydrocarbons  In  our  cities. 

In  Los  Angeles  motor  vehicle  exhaust  accounts  for  90  percent  of  hydro¬ 
carbon  emissions  but  drops  to  70  percent  In  Washington,  0.  C.,  and  New 
York  City. 

Hydrocarbons  emitted  In  automobile  exhaust  contain  known  carcinogens 
and  co-carcinogens  which  may  have  a  synergistic  effect.  Approximately 
two-thirds  of  hydrocarbons  emitted  are  from  motor  vehicles.  The  build 
up  In  hydrocarbon  emissions  during  the  past  10  years  and  the  projected 
future  emissions  as  a  result  of  motor  vehicle  emission  control  are  given 
In  Figure  3. 

4 

Haenszel,  et  a1  analyzed  2,191  lung  cancer  deaths  among  white  American 
males  occurring  In  46  states.  Adjusted  for  age  and  smoking  history  the 
mortality  ratio  of  urban  to  rural  was  1.43.  The  ratios  Increased  with 
length  of  residence  from  1.08  for  residence  less  than  a  year  to  2.00  for 
life  time  residence.  Similar  results  were  found  among  white  females. 

Table  5  contains  the  findings  of  Buell  and  Dunn  from  a  review  of  the  evidence 
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Table  5 

Suimiary  of  lung  cancer  mortality  studies  death  rates  per  100,000 
for  lung  cancer: 


Standardized  for  age  and  smoking  Non-smokers 


Urban 

Rural 

U/R 

Urban 

Rural 

U/R 

101 

80 

1.26 

36 

11 

3.27* 

52 

39 

1.33 

15 

0 

b 

189 

85 

2.23 

50 

22 

2.27*^ 

35 

10 

3.80** 

149 

69 

2.15 

23 

29 

.79® 

100 

50 

2.00 

16 

5 

3.20^ 

5 

Source:  Buell  and  Dunn 

'a'  Buell,  Dunn  and  Breslow,  California  men  death  rates  by  counties, 
'b'  Haninond  and  Home,  American  men. 

'c*  Stocks,  England  9nd  Wales. 

'd'  Oearr,  Northern  Ireland. 

'e*  Golledge  and  Wicken,  England;  no  adjustment  for  smoking  since 

no  data  on  smoking  was  collected. 

'  'f  Haenszel,  et  a1,  American  men. 
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on  lung  cancer  and  air  pollution^.  Smokers  death  rates  adjusted  for  age  and 
smoking  history,  ranged  from  25  to  123  percent  higher  In  urban  than  rural 
areas.  All  differences  for  non-smokers  between  rural  and  urban  areas 
exceed  120  percent.  The  urban  factor  Is  evident  when  viewing  non-smokers 
or  adjusting  for  smoking  history  and  the  smoking  factor  Is  evident  when 
viewing  rural  dwellers  exclusively.  The  authors  argue  that  difference 
l.i  diagnosis  quality  cannot  account  for  observed  urban  rural  differences. 

All  of  the  studies  point  toward  an  urban  and  air  pollution  factor  after 
standardizing  for  age  and  smoking  habits.  The  rural  urban  difference 
can  not  be  explained  only  in  terms  of  population  density  and  urban  factor 
without  considering  air  pollution  also. 

Mortality  rates  from  lung  cancer,  number  of  registered  passenger  cars, 
and  highway  fuel  consumption  have  all  doubled  since  1952  as  can  be  seen  from 
Figures  1,  2,  and  4.  From  Figure  3,  it  Is  clear  not  all  hydrocarbon  emissions 
are  In  the  cities,  but  about  40  percent  are  emitted  In  rural  areas. 

Hence,  some  of  the  rural  lung  cancer  deaths  may  be  from  hydrocarbon  emissions 
from  auto  exhaust  as  well  as  from  cigarette  smoking. 

From  a  review  of  studies  shown  In  Table  5,  It  seems  reasonable  to  say  50* 
of  all  current  lung  cancer  deaths  are  due  to  an  urban  factor  and  air 
pollution.  With  the  present  state-of-the-art  It  appears  that  the  air 
pollution  effect  Is  larger  than  other  urban  factors.  However,  we  are 
assigning  only  fifty  percent  of  excess  urban  lung  cancer  deaths  to 
air  pollution.  Hence,  approximately  25  percent  of  total  lung  cancer  mortality 


Is  ascribed  to  air  pollution.  Since  two-thirds  of  the  hydrocarbons 
emitted  to  the  ambient  air  come  from  motor  vehicles^  It  appears  reasonable 
to  assign  two-thirds  of  25  percent  or  17  percent  of  lung  cancer  deaths 
to  motor  vehicle  pollution.  We  are  using  an  estimate  of  10  percent 
which  Is  conservative. 

B.  Carbon  Monoxide  -  Health  Effects 

Carbon  monoxide  Is  a  colorless,  odorless  gas.  When  Inhaled  It  deprives 
man  of  part  of  his  blood's  oxygen-carrying  capacity. 

In  1965  motor  vehicle  exhaust  accounted  for  92  percent  of  all  carbon 
monoxide  (CO)  emissions.  Chovln^,  and  Clayton  et  a1^,  have  shown 
that  exposure  to  CO  ambient  air  levels  of  10-12  ppm  for  4-5  hours 
Increases  carboxyhemoglobln  (COHb)  by  1.5  percent,  that  Is  from  0.5 
to  2  percent.  The  emission  of  CO  during  the  past  decade  and  projected 
future  emissions  are  shown  in  Figure  5. 

According  to  the  report  of  a  special  committee  of  the  National  Research 

O 

Council  on  CO  ,  COHb  levels  as  low  as  2  percent  can  cause  certain  Impairment 
In  mental  functions.  CO  ambient  air  levels  at  several  of  our  CAMP  stations 
are  sufficiently  high  to  maintain  a  COHb  level  at  or  above  2  percent. 

For  Instance,  the  CAMP  station  in  Chicago  has  recorded  over  one-half  of 

9 

the  hourly  averages  at  or  above  12  ppm  .  This  is  higher  than  needed  to 
maintain  a  COHb  level  of  2  percent  in  the  exposed  population. 

CO  holds  special  hazards  for  high-risk  mpfUrai  groups  including  persons 
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with  severe  anemia,  chronic  pulmonary  disease  or  Impainnent  of  circulation 
to  vital  organs.  In  addition  recent  evidence  has  suggested  a  slight 
Increase  In  case-fatality  rates  among  patients  hospitalized  with  ityo- 
cardlal  Infarction  when  the  CO  level  Is  consistently  at  about  10  ppm^^. 

There  Is  no  level  of  CO  In  ambient  air  that  Is  known  to  be  without 
effect.  A  high  damage  function  can  be  attributed  to  CO  at  the  usual 
aMblent  air  levels  found  for  a  significant  part  of  the  time  In  our  major 
cities. 

In  addition  to  the  groups  proposed  as  sensitive  groups,  individuals  re¬ 
quiring  maximal  judgemental  and  functional  ability  may  be  an  Important 
group  to  consider  In  discussion  of  health  effects  associated  with  CO. 
Automobile  drivers  are  the  largest  group  of  individuals  In  this  category. 

The  available  data  on  CO  effects  upon  visual  sensitivity  and  accurate 
estimations  of  time  Intervals  suggest  a  possible  mechanism  which  could 
affect  an  Individuals  ability  to  drive  a  motor  vehicle.  These  effects 
may  be  associated  vnth  as  low  as  2  percent  COHb.  Laboratory 
studies  and  the  available  epidemiologic  Information  are  consistent  with 
the  possibility  that  such  an  Increase  In  COHb  Influences  the  frequency 
of  accidents. 

29 

Cohen,  et  a1  found  that  Individuals  who  have  a  heart  attack  on  a  day  with 
high  CO  concentrations  have  a  poorer  chance  of  survival  than  those  who 
have  an  attack  on  a  day  with  low  CO  concentrations. 


36*993  O  •  74  *  7 
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The  Cellfornia  State  Department  of  Public  Health  has  studied  the  effects 
of  carbon  monoxide  and  concluded  that  the  "major  consequences  can  Include 
Interference  with  Important  functions  of  the  central  nervous  system, 
and  Interference  with  acute  vascular  episodes  such  as  heart  attacks. 

Carbon  monoxide  at  commonly  occurring  levels  may  have  an  effect  on  motor 
vehicle  accidents.  Increases  of  2  percent  carboxyhemoglobln  or  more  In 
human  subjects  Impair  Important  central  nervous  system  functions  such  as 
estimation  of  time  Intervals,  visual  perception,  or  performance  of  psycho¬ 
motor  tests.  Such  an  Increase  could  be  produced  from  exposure  to  as 
little  as  an  average  of  10  ppm  over  a  period  of  24  hours.  Four-  to  five- 
hour  exposures  will  measurably  Increase  the  carboxyhemoglobln  among  non¬ 
smoking  traffic  policemen.” 

Chovin®  found  Individuals  Involved  In  auto  accidents  had  the  highest 
blood  CO  level  followed  by  workers  with  CO  exposure,  while  Individuals 
with  suspected  exposure  In  the  house  had  the  lowest  blood  CO  levels. 

The  nun4>er  of  blood  samples  In  each  of  the  three  groups  were:  (1)  1672 
blood  samples;  (2)  3818  blood  samples;  and  (3)  15118  blood  samples. 

Over  a  span  of  many  years,  CO  concentrations  have  been  measured  for  a 
variety  of  relative  short.  Isolated  studies.  In  recent  years,  CO  has 
been  measured  continuously  at  a  relatively  few  locations  (CAMP  stations) 

In  the  United  States. 

MacMIllan^^  found  CO  exposure  reduced  performance  of  swlmners  who  travel 
Los  Angeles  expressways  on  the  way  to  the  contest. 
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In  sumnary.  some  effects  of  high  carbon  monoxide  levels  are: 

1  reduction  In  Judgemental  and  functional  ability; 

2  case  fatality  ratels  higher  for  patients  hospitalized  with  nyo- 
cardlal  Infarction; 

3  Individuals  who  have  a  heart  attack  have  a  poorer  chance  of  sur¬ 
vival; 

4  Increased  risk  for  patients  with  chronic  pulmonary  disease  or 
Impairment  of  circulation  to  vital  organs;  and 

5  performance  of  swlmners  and  other  athletes  are  reduced. 

C.  Oxidants  -  Photochemical  Smog  -  Health  Effects 

Oxidants  are  among  the  products  formed  from  emitted  auto  exhaust 

pollutants  by  a  complex  system  of  photochemical  atmospheric  reactions 

between  hydrocarbons  and  oxides  of  nitrogen.  Eye  irritation  from  oxidants 

and  photochemical  smog  Is  the  best  documented  damage  functioa  from  auto 

exhaust  air  pollution  at  the  levels  frequently  found  in  ambient  air. 

19 

Renzetti  and  Sobran  conducted  the  first  of  several  studies  on  a  variety 
of  Individuals  In  various  parts  of  Los  Angeles.  The  results  of  these 
studies  showed  a  relationship  between  Increasing  eye  Irritation  and 
photochemical  oxidant  concentration  over  the  range  of  0.05  to  0.34 
ppm.  Other  studies  on  eye  Irritation  have  all  reported  substantially  the 
same  results  as  Renzetti  and  Gobran.  The  studies  Indicated  that  the  threshold 
level  for  eye  irritation  Is  about  .1  ppm  of  oxidants  In  anblent  air. 

13 

Schoettlln  and  Landau  studied  the  effects  of  oxidant  levels  on  157 
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asthmatic  patients  who  lived  and  worked  In  the  Pasadena  area.  They 
found  a  significant  Increase  In  the  number  of  attacks  when  oxidant  levels 
exceeded  .13  ppm  contrasted  with  days  when  oxidant  levels  were  lower. 

There  was  also  a  significant  association  between  attack  rates  on  days 
In  which  plant  damage  occurred  (oxidant  concentration  of  about  0.10 
ppm)  In  contrast  to  days  without  plant  damage.  The  authors  suggested  that 
this  may  Indicate  a  threshold  level  for  oxidants  above  which  there  could 
be  a  physiologic  response.  This  effect  was  most  pronounced  for  persons 
who  had  lived  In  the  area  for  10  or  more  years. 

Motley,  et  a1^^  reported  the  results  of  lung  function  test  on  66  volun¬ 
teers,  46  of  whom  had  pulmonary  emphysema.  No  accurate  measurements  of 
oxidants  were  obtained,  but  during  the  period  studied,  oxidant  concen¬ 
trations  ranged  from  .2  to  .7  ppm  and  ozone  from  .2  to  .S3  ppm  at  a  monitoring 
station  several  miles  from  the  clean  air  chambers.  Lung  function  tests 
were  performed  on  subjects  In  rooms  from  which  oxidants  were  removed 
by  activated  charcoal  filters.  Air  was  classified  as  smoggy  when  there 
was  a  defined  odor  of  ozone,  reduced  visibility,  eye  Irritation,  and  the 
prediction  of  smog  by  the  Los  Angeles  Air  Pollution  Control  District. 

An  Improvement  In  lung  function  was  observed,  particularly  a  decrease  In 
the  residual  lung  volume  In  emphysematous  subjects  who  remained  In  the 
chanter  for  40  or  more  hours  and  who  entered  It  on  smoggy  days.  No 
significant  changes  In  lung  volume  measurements  were  obtained  when  normal 
patients  breathed  filtered  air.  No  significant  changes  were  observed 
when  emphysematous  subjects  entered  the  chanters  on  non-smoggy  days. 

At  Los  Angeles  County  Hospital,  Remmers  and  Balchum^®  used  air 
conditioned  rooms  with  filters  which  coulrf  be  used  at  the  Investigators 
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discretion.  Preliminary  examination  of  the  data  Indicated  that  airway 
resistance  was  affected  by  oxidant  exposure  over  the  range  of  .05  to 
0.23  ppm.  (Mote  of  caution  —  failure  to  control  properly  for  cigarette 
smoking  means  results  must  be  Interpreted  cautiously.  Nevertheless,  the 
majority  of  the  non-smokers  In  this  study  did  show  decreases  In  airway 
resistance  corresponding  to  decreases  In  oxidant  exposure.) 

Wayne,  et  a1^^  reported  on  athletic  performance  In  21  competitive  meets 
of  high  cross-country  track  runners  at  San  Marino  High  School,  Los  Angeles 
County  from  1959  to  1964.  A  significant  relationship  was  observed  be¬ 
tween  oxidant  levels  and  the  percent  of  team  members  whose  performance 
decreased  compared  to  their  performance  In  the  Immediately  previous  home 
meet.  The  Impairment  of  team  performance  occurred  over  the  range  of 
oxidant  concentrations  from  0.05  to  0.30  ppm;  there  were,  however,  no 
oxidant  measurements  between  .1  and  .2  ppm. 

Ury^^  studied  the  association  of  automobile  accidents  with  days  of 
elevated  oxidant  levels  on  the  possibility  that  oxidant  pollution  may 
Impair  performance  either  directly  by  Interferring  with  oxygen  transport, 
or  Indirectly  by  eye  discomfort  and  respiratory  irritation.  There 
were  significantly  more  accidents  rdren  oxidant,  concentrations  ranged 
from  0.01  to  0.50  ppm.  At  the  same  time  that  oxidant  concen-tratlons 
all  high,  carbon  monoxide,  oxides  of  nitrogen,  hydrocarbons,  and  con¬ 
centrations  of  other  auto  exnaust  gases  are  also  elevated.  Since 
CO  will  usually  lie  within  the  range  which  might  affect  an  Individual's 
reaction  time.  It  Is  not  certain  which  exhaust  product  Is  responsible 
for  the  re-suits  of  the  study-  However,  oxidants  or  carbon  monoxide 
or  both  may  be  Indicated. 
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McCarroll  et  reported  a  substantial  Increase  In  the  frequency  of  eye 
Irritation  reports  as  oxidant  levels  In  ambient  air  Increased  In  arid- town 
Manhattan.  It  Is  possible  that  eye  Irritation  symptoms  In  New  York  City 
result  from  mixed  pollution  of  both  oxidizing  and  reducing  type.  It  Is 
clear  that  auto  exhaust  and  photochemical  oxidants  are  present  In  New 
York  City.  These  result  In  the  same  physical  reactions  found  In  Los  Angeles. 

A  joint  committee  of  the  Los  Angeles  County  Medical  Association  and  the 
Tuberculosis  and  Health  Association  of  Los  Angeles  County  carried 
out  a  survey  of  physicians  In  December.  1960.  Seventy-seven  percent  of 
the  physicians  believed  that  air  pollution  adversely  affected  the  health 
of  their  patients.  One- third  had  advised  one  or  more  of  thMr  patients 
to  leave  the  Los  Angeles  area  for  health  reasons  —  air  pollution  was 
mentioned  specifically  In  two- thirds  of  the  reports.  Over  10.000  families 
were  advised  to  leave  during  the  year.  From  this  group,  2,500  families 
moved. 

Some  effects  of  high  oxidant  levels  are: 

1  eye  irritation; 

2.  Increase  in  number  of  asthmatic  attacks; 

3.  decrease  In  lung  function  test  on  pulmonary  emphysema  patients; 

4.  Increase  in  airway  resistance  test; 

5.  Impairment  of  athletic  performance  in  competitive  meets  of 
cross-country  track  runi^rs  in  L.  A.  County;  and 

6.  significant  increase  in  automobile  accidents. 


TOTAL 


100 


D.  Oxides  of  Nitrogen  -  Health  Effects 

Oxides  of  nitrogen  differ  from  the  other  pollutants  In  that  at  present 
only  a  little  over  50  percent  of  all  emissions  come  from  motor  vehicles. 
This  Is  Important  since  the  current  exhaust  emission  control  devices, 
while  reducing  hydrocarbons  and  carbon  monoxide.  Increase  emission  of 
oxides  of  nitrogen.  Also,  there  Is  likely  a  delayed  reaction  to  nitrogen 
oxides,  as  compared  with  exposure  to  other  Irritating  pollutants.  Animal 
studies  give  strong  suggestive  evidence  that  long  term  low  level  exposures 
lead  to  structural  changes  resembling  emphysema.  Figure  6  shows  emissions 
of  oxides  of  nitrogen  since  1960  and  a  projected  further  Increase  during 
the  next  10  years. 

21 

Shy  et  a1  completed  a  study  of  selected  health  characteristics  among 
more  than  850  second  grade  school  children  from  Chattanooga,  Tennessee 
residential  areas  with  a  NO2  gradient  In  ambient  air.  The  volunteer 
study  population  was  recruited  from  four  residential  sectors.  The  two 
control  sectors  were  lower  In  both  particulate  and  NO^  than  either  of 
the  polluted  areas.  One  of  the  other  two  sectors  was  high  In  NO2  and 
low  In  particulate  and  the  other  high  In  particulate  and  low  In  N02. 

The  socioeconomic  factors  considered  were  house  value  or  rent,  education 
of  head  of  household,  and  crowding.  In  each  case,  the  high  NO2  exposure 
sector  exhibited  the  highest  socioeconomic  level  followed  by  control 
sectors.  The  low  N02-h1gh  particulate  exposure  sector  had  a  distinctly 
lower  socioeconomic  level.  Home  cigarette  smoking  In  the  control  sector 
and  high  NO2  sector  differed  by  only  one  percent. 
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Acute  respiratory  disease  prevalence  was  monitored  for  24  weeks  from 
Novetnber  1968  to  April  1969.  These  Indicators  were:  (1)  acute  respiratory 
prevalence  In  entire  family.  (2)  acute  respiratory  prevalence  In  second 
grade  school  children.  These  were  both  significantly  less  In  the  two 
control  sectors  than  In  the  polluted  sectors.  The  length  of  home  con¬ 
finement  was  not  significantly  different  In  the  sectors. 

Two  epidemic  waves  of  acute  respiratory  Illness  were  observed;  Illness 
during  each  of  these  waves  was  prospectively  reported.  The  first  In 
late  1968  was  caused  by  A2/Hong  Kong/68  Influenza  and  the  second  In  the 
spring  of  1969  was  probably  related  to  B  Influenza. 

Length  of  home  confinement  of  second  grade  children  was  significantly 
larger  In  the  high  NO2  sector.  The  incldenca  was  13  percent  higher 
per  person  per  season  In  the  high  NO2  and  high  particulate  sectors.  The 
Increased  fever  per  person  per  season  and  physician  visit  per  person  per 
season  was  20  percent  higher  In  the  polluted  sectors  than  In  the  control 
sectors . 

22 

These  results  are  consistent  with  Finklea  et  a1  who  reports  increased 

Influenza  A2  and  non- Influenzal  acute  respiratory  morbidity  among 

30 

heavy  cigarette  smokers.  Petr  and  Schmidt  In  Czechoslovakia  observed 
an  average  of  2.5  percent  mcthemoglobln  In  the  blood  of  the  children 
near  a  factory  with  nitrous  gases  (concentration  ranging  from  20  to 
70  wg/m  )  compared  with  an  average  0.86  percent  methemoglobln  for 
the  children  who  were  not  near  any  air  pollution  source. 
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KapaHn  studying  the  children  in  the  same  towns  found  greatly  enlarged 
cervical  glands  in  42  to  43  percent  of  the  children  in  the  polluted 
towns  compared  to  8  percent  in  the  clean  town. 

Some  effects  of  high  NOx  levels  are: 

1.  animal  studies  suggest  that  emphysema  may  be  caused  by  NOx; 

2.  acute  respiratory  disease  prevalence  In  second  grade  school 
children  was  15  to  20  percent  higher; 

3.  acute  respiratory  disease  prevalence  In  entire  family  was  15- 
20  percent  higher; 

4.  epidemic  wave  of  A2/Hong  Kong/68  Influenza  was  15  to  20  percent 
greater  (prospectively  reported.) 

E.  Lead  -  Health  Effects 

Lead  is  widely  distributed  In  man's  environment.  It  Is  found  In  his  food, 
water,  and  the  air  he  breathes.  Today  two  major  uses  of  lead  are  for 
storage  batteries  and  gasoline  additives  with  substantial  amounts  used 
In  pigments,  pesticides,  plumbing,  pottery  glazes,  and  solder. 

Diet  seems  to  be  the  major  source  of  human  lead  exposure.  From  this  Intake 
of  lead  90  to  95  percent  Is  excreted  in  feces;  hence,  most  Ingested  lead  Is 
not  absorbed  by  the  body. 

Amount  of  lead  absorbed  In  the  respiratory  tract  Is  a  function  of  the 
particle  size,  solubility,  and  route.  About  25  to  50  percent  of  Inhaled 
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lead  from  motor  vehicle  exhaust  Is  thought  to  be  absorbed.  Lead  from 
other  sources  usually  has  a  larger  particle  size  which  results  In  a  smaller 
proportion  being  absorbed.  The  body  burden  Is  mostly  deposited  In  bone 
and  soft  tissue. 

Inorganic  lead  In  sufficient  amounts  Is  Implicated  as  a  causative  agent 
In  decreased  hemoglobin  synthesis,  liver  and  kidney  damage,  mental  retard* 
atlon  In  children,  and  abnormalities  of  fertility  and  pregnancy  . 

Goldsmith  reports  an  Increasing  concentration  of  lead  with  age  In  liver, 
spleen,  pancreas,  kidney,  and  lung  for  U.  S.  population  samples. 

OA 

Goldsmith  and  Hexter”  have  presented  data  showing  blood  lead  levels  to 
be  epidemlologically  related  to  estimated  respiratory  exposure  in  areas 
with  high  levels  of  motor  vehicle  pollution.  The  authors  contend  that 
total  body  burden  Is,  In  part,  a  function  of  respiratory  exposure.  The 
implications  are  that  continued  exposure  to  ambient  air  lead  levels  In 
many  of  our  cities  Is  resulting  In  an  Increased  body  burden  as  Indicated 
by  blood  lead. 

F.  Minor  emitted  pollutants  -  Health  Effects 

These  are  not  discussed  further  since  their  Importance  depends  on  their 
use  as  fuel  additives. 

II.  Cost  to  the  Federal  Government 

What  are  the  direct  costs  to  the  federal  government  from  health  effects 
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damage  as  a  result  of  motor  vehicle  exhaust?  First,  auto  exhaust  Is  a 
mixture  of  gases.  The  most  Important  of  these  discussed  In  the  preceding 
section  are:  (1)  carbon  monoxide.  (2)  hydrocarbons,  (3)  oxides  of  nitrogen, 
(4)  lead  products,  and  (5)  oxidants  which  are  formed  by  a  complex  photo¬ 
chemical  process  and  emitted  gases  such  as  NOx  and  hydrocarbons. 

What  are  some  of  the  results  of  urban  concentrations  of  the  above  pollu¬ 
tants?  Some  health  effects  from  these  pollutants  are:  (1)  more  auto 
accidents  occur  on  days  of  high  oxidant  levels;  (2)  drivers  of  autos 
Involved  In  accidents  have  a  higher  concentration  of  CO  in  the  blood  than 
non-accident  drivers  or  the  general  public;  (3)  a  2  percent  carboxy- 
hemoglobln  concentration  can  reduce  mental  functions  and  ability  to 
Judge  small  time  Intervals,  which  may  account  for  a  greater  number  of 
auto  accidents;  (4)  CO  holds  special  hazards  for  high-risk  medical  groups 
Including  persons  with  severe  anemia,  chronic  pulmonary  disease,  Impairment 
of  blood  circulation  to  certain  vital  organs;  (5)  recent  evidence  suggests 
an  Increase  In  case  fatality  rates  among  hospital  patients  with  myocardial 
Infarction  when  CO  concentration  Is  about  10  ppm  or  higher;  (6)  reduced 
performance  of  athlete,  and  more  frequent  headaches  are  associated  with 
photochemical  oxidants;  (7)  eye  irritation  from  photochemical  oxidants 
and  pollution  starts  at  a  concentration  which  is  one-half  the  level 
found  at  the  CAMP  stations  In  Los  Angeles  for  10  percent  of  the  time; 

(8)  asthma  patients  suffer  more  frequent  asthnmtlc  attacks  on  days  with 
high  oxidant  concentrations;  (9)  it  Is  harder  for  humans  especially 
persons  suffering  from  chronic  respiratory  disease  to  breathe  In  areas 
with  moderate  levels  of  photochemical  air  pollutants;  (10)  certain  com- 
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ponents  of  hydrocarbon  emissions  are  known  to  be  carcinoyenic  and  co- 
carclnogenic;  (11)  significantly  greater  number  of  automobile  accidents 
occur  on  days  of  high  oxidant  levels;  (12)  increases  in  airway  resistance 
tests  are  found  on  days  when  oxidant  levels  are  high;  (13)  results 
of  animal  studies  suggest  that  continuous  exposure  to  ambient  air 
levels  of  NOx  may  cause  emprtysenu;  (14)  acute  respiratory  prevalence 
is  15-20  percent  higher  in  high  NOx  areas  compared  to  control  areas; 

(15)  epidemic  waves  of  A2/Hong  Kong/68  influenza  (prospectively  reported) 
and  home  confinement  was  15-20  percent  greater  in  the  NOx  area  than 
the  control  area;  and  (16)  ratio  of  lung  cancer  death  rates  in  urban 
areas  to  those  in  rural  areas  adjusted  for  age  and  smoking  is  around  2. 

Only  the  most  obvious  costs  are  considered  in  the  following  section. 

A.  Method  for  calculating  present  value  of  lost  income  tax  because  of  pre¬ 
mature  death. 

The  first  direct  cost  considered  is  loss  of  income  taxes  because  of  death. 

It  is  clear,  however,  that  the  sum  of  expected  past  and  expected  future 
income  taxes  of  an  Individual  is  not  the  present  value  of  income  tax  which 
these  people  would  have  paid  had  they  lived  a  normal  life.  As  long  as  a 
positive  rate  of  interest  prevails  past  expected  income  tax  payments  are 
subject  to  compound  interest  at  the  going  rate  and  future  expected  tax 
payments  must  be  discounted  by  prevailing  interest  rates.  Actual  dollars 
are  used  without  using  the  consumer  price  index  to  adjust  to  current  dollars. 
Two  sets  of  adjustments  were  made. 
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The  first  step  was  to  take  the  1960  life  table  from  Vital  Statistics  of  the 
United  States  and  modify  it.  If  ‘y‘  percent  of  deaths  from  disease  “x* 
are  due  to  motor  vehicle  pollution  then  by  cleaning  up  pollution  deaths  from 
disease  “x'*  are  reduced  by  ‘y’  percent.  New  life  tables  were  generated  for 
each  S  year  age  interval  and  both  sexes  which  reduced  by  'y'  percent 
mortality  rates  for  disease  "x".  Hew  life  tables  were  made  for  each 
disease  category  considered  in  this  paper.  These  were:  (1)  lung  cancer 
(ICO  160-161):  (2)  heart  disease  (ICO  420):  (3)  bronchitis  (ICO  500-502. 
525-527):  and  (4)  motor  vehicle  accidents  (ICO  E810-E835). 

If  the  'y'  percent  of  the  people  had  not  died  from  disease  "x”  but  had 
lived  a  normal  life,  they  would  have  paid  income  taxes  like  normal 
individuals  from  the  same  age  cohorts.  Present  value  of  all  income 
taxes  which  would  have  been  paid  are  needed.  The  calculations  were  made 
in  two  steps.  Step  one  calculated  the  present  value  of  income  taxes 
which  would  have  been  paid  before  1970,  had  these  people  lived  a  normal 
life.  Actual  tax  rates  were  used  and  average  income  for  each  year. 

Compound  interest  at  6  percent  was  added  to  arrive  at  the  present  value. 

Step  two  used  an  average  increase  in  salaries  of  4  percent  per  year 
after  1970.  Since  1952  the  average  wage  increase  has  been  4  percent  for 
males  and  6  percent  for  females.  The  estimated  income  tax  was  discounted 
at  6  percent  rate. 

These  concepts  for  cal  ulating  present  value  of  loss  in  income  tax  payments 
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are  given  In  the  foroula: 
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V  Is  present  value  In  actual  dollars  (has  not  been  adjusted  for 
consumer  price  Index); 

y  Is  year  of  death; 
s  Is  sex  -  male  or  female; 

X  Is  5  year  age  Increment,  e.g.  x  =  1  for  age  0-4,  x  =  2  for  age  5-9,  etc,; 

t  number  of  years  after  death  -  x  as  used  In  75-x  Is  2,  7,  12, .  72; 

s 

y^'x+t  number  of  resurrected  deaths  alive  In  year  y+t  at  age 

x+t  and  sex  s  -  this  Is  based  on  revised  life  table; 

s 

Is  average  Income  for  year  y+t,  sex  s; 

*^y+t 

s 

^x+t  age-adjusted  Income  for  age  y+t,  sex  s; 

•x+t  Is  age-adjusted  tax  rate  for  age  x+t;  and 

(1.06)^^^®’^"^  Is  accumulation  or  discount  factor  for  Interest  rate 
y  Is  year  of  death,  t  Is  number  of  years  after  death. 

26 

This  formula  is  a  modification  of  the  one  used  by  Ridker. 
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B.  Lung  cancer  -  loss  of  Income  tax  because  of  premature  death  (ICO  500-502 
525-527) 

The  cost  to  the  federal  government  Is  based  on  10  percent  of  the  deaths 
from  lung  cancer  being  caused  by  motor  vehicle  exhaust.  The  Justification 
for  the  10  percent  estimate  was  developed  In  the  preceding  section. 

The  present  values  of  Income  tax  which  would  have  been  paid  "after  death," 
by  10  percent  of  the  people  who  died  from  lung  cancer  had  they  lived  a 
normal  life  Is  given  In  Table  6.  This  Is  a  total  of  $270.9  million. 

In  the  santt  table,  the  Income  tax  loss  1s  given  for  the  period  before 
1970:  and  for  the  period  1970  and  after  for  males,  females  and  both. 

Table  7  shows  the  same  present  value  of  Income  tax  for  age  at  death 
broken  Into  5  year  age  Intervals  for  each  sex.  Only  13  percent  of  the  loss 
of  Income  tax  payments  occurs  In  the  age  group  of  60  and  ov' 

Present  values  of  Income  tax  which  would  have  been  paid  "after  death"  had 
these  people  lived  normal  lives  are  shown  In  Table  8.  These  are  broken 
down  Into  values  by  sex  and  year  of  death. 

The  values  In  this  table  may  be  used  to  calculate  values  for  any  desired 
combination  of  years.  Also,  one  may  use  Table  8  and  change  the  percentage 
attributed  to  motor  vehicle  pollution. 

C.  Bronchitis  -  loss  of  Income  tax  because  of  premature  death  (ICO  500-502, 
525-527) 

This  group  Includes  acute  bronchitis,  bronchitis  unqualified,  chronic 
bronchitis,  bronchitis  with  emphysema,  other  diseases  of  lung  and  pleural 
cavity. 
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Table  6  Lung  Cancer  (ICO  160-164) 

Value  In  January.  1970  of  Federal  Income  Tax  which  would 
have  been  paid  "after  death"  by  lOt  of  the  people  who 
died  in  1953-1969  from  lung  cancer,  had  they  lived  nor¬ 
mal  lives.  Actual  dollars. 


(Millions  of  dollars) 


Male 

Female 

Total 

Taxes  paid 
before  1970 

165.6 

7.08 

173.7 

Taxes  paid 

In  1970 
and  after  ' 

91.4 

6.10 

97.2 

TOTAL 

257.0 

13.18 

270.9 

(1)  1960  death  rates,  eliminating  10%  of  lung  cancer  rates. 

(2)  Consumer  price  index  not  used;  after  1970,  a  wage  increase  of 

4%  per  year  is  assumed.  (Since  1952,  the  Increase  has  been  4-1/2% 
per  year  for  males  and  6%  per  year  for  females.) 

(3)  Accumulation  rate  (before  1970)  and  discount  rate  (after  1970) 
both  equal  6%. 

(4)  Average  income  and  tax  rate  factors  used  (by  year). 

(5)  Age  adjustments  made  for  Income,  tax  rate,  and  unemployment  rate. 


36-993  O  •  74  -  e 
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Table  7.  Lung  Cancer  (ICO  V60-164) 


Value  In  January,  1970  by  age  group  at  death  and 
sex  for  101  of  lung  cancer  deaths  (ICD  160-164) 


Age 

Group 

(Hllllons  of  dollars) 

Hale 

Female 

Total 

30-34 

6.40 

.63 

7.03 

35-39 

15.9 

1.50 

17.4 

40-44 

32.4 

2.64 

35,0 

45-49 

50.4 

3.27 

53.7 

50-54 

62.4 

2.68 

65.1 

55-59 

54.3 

1.64 

55.9 

60-64 

28.6 

.66 

29.3 

65-69 

6.20 

.15 

6.35 

70-74 

.4 

.01 

.39 

TOTAL 

257.0 

13.2 

270.2 
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Table  8.  Lung  Cancer  (ICO  160-164) 


Year 
of  Death 


Value  In  January.  1970  by  year  of  death  and  sex 
for  10X  of  lung  cancer  deaths  (ICO  160-164) 

(Millions  of  dollars) 

Male  Female  Total 


1953 

12.2 

.48 

12.7 

1954 

12.4 

.47 

12.9 

1955 

13.0 

.52 

13.5 

1956 

13.6 

.54 

14.2 

1957 

13.8 

.56 

14.3 

1958 

14.1 

.61 

14.6 

1959 

14.4 

.63 

15.0 

1960 

14.8 

.67 

15.4 

1961 

15.2 

.73 

15.9 

1962 

15.6  . 

.76 

16.4 

1963 

15.7 

.86 

16.6 

1964 

16.1 

.88 

17.0 

1965 

16.6 

.97 

17.6 

1966 

17.0 

1.03 

18.1 

1967 

17.3 

1.11 

18.4 

1968 

17.6 

1.15 

18.8 

1969 

17.6 

1.18 

18.8 

TOTAL 


257.0 


13.2 


270.2 
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Table  9  shows  the  present  value  for  taxes  paid  before  1970  and  for  taxes 
paid  In  1970  and  after  by  sex  for  10  percent  of  the  people  who  died  In 
1953-1969  front  bronchitis. 

Values  In  January,  1970  by  sex  and  age  group  at  death  for  10  percent  of 
bronchitis  deaths  are  shown  In  Table  10. 

Table  11  shows  values  In  January.  1970  by  year  of  death  and  sex  for  10 
percent  of  bronchitis  deaths.  This  permits  regrouping  of  years  Into  new  . 
combinations  and  to  change  the  percentage  of  deaths  resurrected  so  the 
percentage  may  vary  from  year  to  year. 

0.  Arteriosclerotic  heart  disease  Including  coronary  disease  -  loss  of 
Income  tax  because  of  premature  death  (ICO  420) 

As  shown  In  the  preceding  section  Individuals  with  reduced  circulation  to 

any  organs  are  sensitive  to  high  CO  levels  and  high  photochemical  oxidant 

levels.  Also,  high  photochemical  oxidant  levels  reduces  the  rate  of 

32 

survival  of  nyocardlal  infarction  patients.  Goldsmith  and  Landau  found 

case  fatality  rate  for  patients  with  myocardial  infarction  and  ambient 

CO  concentration,  by  day  of  week,  had  a  correlation  of  .16.  This  study 

used  data  on  1958  hospital  admissions  for  the  Los  Angeles  area.  Correlation 

coefficient  of  .16  says  that  2.5  percent  of  the  variation  the  fatality 

rate  is  associated  with  ambient  CO  level;  since  .16  squared  equals  to 

.0256.  We  have  attributed  2.5  percent  of  deaths  from  arteriosclerotic 

heart  disease  and  coronary  disease  to  motor  vehicle  emissions.  This  is 

a  conservative  figure.  The  actual  level  may  be  two  to  four  times  this 

33 

level  or  higher.  Friedman  correlated  proportion  of  males,  45-64  living 
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In  urban  areas  with  coronary  heart  disease  in  33  states.  The  sinple 
correlation  of  .79  changed  to  a  partial  correlation  of  .67  when  cigarette 
consumption  was  held  constant.  From  this  study  45  percent  of  coronary 
mortality  is  associated  with  urbanization  and  air  pollution. 

Table  12  shows  the  present  value  of  federal  income  tax  by  sex  which  would 
have  been  paid  before  1970  and  in  1970  and  after  by  2.5  percent  of  the  people 
who  died  in  1953-1969.  The  present  value  is  $427.0  million. 

Present  value  of  lost  income  tax  by  age  group  at  death  and  sex  is  shown 
in  Table  13  for  each  5  year  age  group. 
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Table  9.  Bnmchitjs  (ICO  500.502  .  525-527) 


Value  In  January,  1970  of  Federal  Incooie  Tax  which  would 
have  been  paid  "after  death*  by  10S  of  the  people  who  died  In 
1953-1969  from  Bronchitis  had  they  lived  normal  lives. 


(Millions  of  dollars) 


Male 

Female 

Total 

Taxes  paid 
before  1970 

45.1 

3.5 

48.6 

Taxes  paid 
before  and 
after  1970 

65.0 

11.9 

76.9 

TOTAL 

110,1 

15.4 

125.5 

(1)  1960  death  rates,  eliminating  10X  of  Bronchitis  rates. 

(2)  Consumer  price  index  not  used;  after  1970,  a  wage  Increase 
of  4*  per  year  Is  assumed.  (Since  1952,  the  Increase  has 
been  4-1/2S  per  year  for  males  and  6X  per  year  for  females.) 

(3)  Accumulation  rate  (before  1970)  and  discount  rate  (after  1970) 
both  equal  6%. 

(4)  Average  income  and  tax  rate  factors  used  (by  year). 

(5)  Age  adjustments  made  for  Income,  tax  rate,  and  unemployment  rate. 
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Table  10.  Bronchitis  (ICO  500-502,  525-527) 


Value  In  January.  1970  by  age  group  at  death  and 
sex  for  lOX  of  Bronchitis  deaths  (ICO  500-502,  525-527) 


(Millions  of  dollars) 


Age 

Group 

Male 

Female 

Total 

0-4 

35.6 

7.80 

43.4 

5-9 

1.75 

.52 

2.27 

10-14 

.89 

.22 

1.11 

15-19 

.99 

.27 

1.26 

20-24 

.99 

.30 

1.29 

25-29 

1.19 

.36 

1.55 

30-34 

1.95 

.55 

2.50 

35-39 

3.80 

.85 

4.65 

40-44 

6.84 

1.08 

7.92 

45-49 

10.6 

1.19 

11.8 

50-54 

14.6 

1.06 

15.7 

55-59 

16.3 

.73 

17.0 

60-64 

11.3 

.35 

11.7 

65-69 

3.05 

.09 

3.14 

70-74 

.24 

.01 

.25 

TOTAL 

110.1 

15.4 

125.5 
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Table  11.  Bronchitis  (ICO  500-502,  525-527) 

Value  In  January,  1970  by  year  of  death  and  sex 
for  10X  of  Bronchitis  deaths  (ICO  500-502,  525-527) 

(Millions  of  dollars) 


Year 


of  death 

Male 

Female 

Total 

1953 

4.30 

.82 

5.12 

1954 

4.29 

.81 

5.10 

1955 

4.72 

.89 

5.61 

1956 

5.28 

.94 

6.22 

1957 

5.88 

1.04 

6.92 

1958 

6.11 

.93 

7.04 

1959 

5.94 

.87 

6.81 

1960 

6.19 

.83 

7.02 

1961 

6.90 

.90 

7.80 

1962 

7.48 

.92 

8.40 

1963 

7.87 

.97 

8.84 

1964 

7.51 

.92 

8.43 

1965 

7.73 

.95 

8.68 

1966 

7.80 

.95 

8.75 

1967 

7.51 

.90 

8.41 

1968 

7.35 

.88 

8.23 

1969 

7.20 

.86 

8.06 

TOTAL 

110.1 

15.4 

125.5 
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Table  12.  Heart  Disease  (ICD  420) 

Value  in  January.  1970  of  Federal  Income  Tax  which 
would  have  been  paid  "after  death"  by  2.5X  of  the 
people  who  died  in  1953-1969  from  heart  disease  deaths; 
had  they  lived  normal  lives. 

(Millions  of  dollars) 


Male 

Female 

Total 

Taxes  paid 
before  1970 

268.7 

15.1 

283.8 

Taxes  paid 
in  and  after 
1970 

135.5 

7.8 

143.3 

TOTAL 

404.1 

22.9 

427.0 

(1)  1960  death  rates,  eliminating  2.52  of  heart  disease  rates. 

(2)  Consumer  price  index  not  used;  after  1970,  a  y/age 

increase  of  4%  per  year  is  assumed.  (Since  1952,  the  increase 
has  been  4-1/22  per  year  for  males  and  62  per  year  for  females.) • 

(3)  Accumulation  rate  (before  1970)  and  discount  rate  (after  1970) 
both  equal  62. 

(4)  Average  income  and  tax  rate  factors  used  (by  year). 

(5)  Age  a^ustments  made  for  Income,  tax  rate,  and  unemployment  rate. 
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Table  13.  Heart  Disease  (ICD  420) 


Age 

Value  In  January>  1970  by  age  group  at  death 
and  sex  for  52  of  heart  disease  deaths  (ICD  420) 

(Millions  of  dollars) 

Group 

Male 

Female 

Total 

0-4 

.20 

.04 

.24 

5-9 

.08 

.01 

.09 

10-14 

.10 

.02 

.12 

15-19 

.37 

.05 

.42 

20-24 

1.03 

.14 

1.17 

25-29 

3.40 

.31 

3.71 

30-34 

11.15 

.76 

11.91 

35-39 

29.8 

1.62 

31.42 

40-44 

57.5 

2.98 

60.48 

45-49 

81.25 

4.17 

85.42 

50-59 

90.6 

4.78 

95.38 

55-59 

75.55 

4.29 

79.84 

60-64 

41.6 

2.73 

44.33 

65-69 

10.6 

.90 

11.5 

70-74 

.87 

.09 

.96 

TOTAL 

404.1 

22.9 

427.0’ 
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Table  14.  Heart  Disease  (ICO  420) 

Value  in  January.  1970  by  year  of  death  and  sex 
for  52  of  heart  disease  deaths  (ICO  420) 

(Millions  of  dollars) 


Year 

of  Death 

Male 

Female 

Total 

1953 

23.5 

1.23 

24.8 

1954 

23.4 

1.20 

24.6 

1955 

23.7 

1.22 

24.8 

1956 

24.0 

1.23 

25.2 

1957 

24.4 

1.30 

25.7 

1958 

24.4 

1.31 

25.6 

1959 

24.4 

1.30 

25.6 

1960 

24.3 

1.32 

25.6 

1961 

24.3 

1.36 

25.6 

1962 

24.1 

1.33 

25.5 

.963 

24.2 

1.43 

25.6 

1964 

23.9 

1.42 

25.2 

1965 

23.7 

1.44 

25.2 

1966 

23.7 

1.47 

25.2 

1967 

23.2 

1.46 

24.6 

1968 

22.9 

1.41 

24.4 

1969 

22.4 

1.41 

23.8 

TOTAL 


404.1 


22.9 


427.0 
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Table  14  gives  the  present  value  of  Income  tax  which  5  percent  of  the 
people  who  died  from  arteriosclerotic  heart  disease  including  coronary 
would  have  paid  had  they  lived  a  normal  life.  The  present  value  is 
given  for  the  cohorts  dying  each  year. 

E.  Motor  Vehicle  accidents  -  loss  of  income  tax  because  of  premature 
death  (ICD  E810-E835) 

Using  10  percent  of  deaths  from  motor  vehicle  accidents  as  the  proportion 
of  deaths  due  to  motor  vehicle  emitted  pollutants  is  probably  conservative, 
since  automobile  accidents  have  been  shown  to  occur  more  frequently 
on  days  with  high  ambient  air  oxidant  levels  and  blood  CO  levels  have 
been  found  to  be  higher  in  drivers  of  automobiles  involved  in  accidents 
than  drivers  of  cars  not  involved  in  accidents. 

Table  15  shows  the  present  value  of  income  tax  payments  which  would  have 
been  paid  "after  death,"  before  1970  and  in  1970  and  after  by  male':,  females 
and  both. 

Present  value  of  lost  income  tax  payments  by  sex  and  age  group  at  death 
is  shown  in  Table  16  for  10  percent  of  motor  vehicle  accidents. 

The  present  value  of  lost  income  tax  payments  because  of  premature 
deaths  are  shown  in  Table  17  by  year  of  death.  The  total  present  value 
of  lost  income  tax^ payments  is  $1,086  billion. 
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Table  IS.  Motor  Vehicle  (!C0  EeiO-E83S) 

Value  in  January.  1970  of  Federal  Income  Tax  which  would  have 
been  paid  "after  death"  by  10%  of  the  people  who  died  in  1953- 
1969  from  Motor  Vehicle  accidents,  had  they  lived  normal  lives 

(Millions  of  dollars) 


Taxes  paid 

Male 

Female 

Total 

before  1970 

283.3 

18.5 

301.8 

Taxes  paid 

after  1970 

723.4 

60.8 

784.2 

TOTAL 

1,006.7 

79.3 

1,086.0 

(1)  1960  death  rates,  eliminating  10%  of  motor  vehicle  death  rates. 

(2)  Consumer  price  index  not  used;  after  1970,  a  wage  increase  of 

4%  per  year  is  assumed.  (Since  1952.  the  increase  has  been  4-1/2% 
per  year  for  males  and  6%  per  year  r  females.) 

(3)  Accumulation  rate  (before  1970)  i  ■*  discount  rate  (after  1970) 
both  equal  6%. 

(4)  Average  income  and  tax  rate  factors  used  (by  year). 

(5)  Age  adjustments  made  for  income,  tax  rate,  and  unemployment  rate. 
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Table  17.  Motor  Vehicle  (ICO  E810-E83S) 

Value  In  January,  1970  by  year  of  death  and  sex  for  10S 
of  Motor  Vehicle  deaths  (E810-83S) 


(Millions  of  dollars) 


Year 


of  death 

Male 

Female 

Total 

1953 

60.0 

4.21 

64.2 

1954 

55.5 

3.85 

59.4 

1955 

59.5 

4.20 

63.7 

1956 

60.6 

4.25 

64.9 

1957 

57.2 

4.13 

61.3 

1958 

53.6 

3.89 

57.5 

1959 

53.9 

4.04 

57.9 

1960 

52.8 

4.06 

56.9 

1961 

54.3 

4.29 

58.6 

1962 

53.7 

4.40 

58.1 

1963 

56.6 

4.63 

61.2 

1964 

59.8 

5.09 

64.9 

1965 

62.3 

5.22 

67.5 

1966 

66.8 

5.67 

72.5 

1967 

65.5 

5.59 

71.1 

1968 

66.7 

5.78 

72.5 

1969 

67.8 

5.95 

73.8 

TOTAL 

1,006.7 

79.3 

1,086.0 
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F.  Disability  pavinents  by  Social  SecurUy  A<tnfn<strat<on  to  workers  who 
haye  not  reached  65  years  of  age. 

So  far,  cost  to  the  federal  government  has  been  based  on  the  present  yalue 
of  Income  tax  which  would  haye  been  paid  "after  death"  If  the  people 
affected  by  motor  vehicle  emissions  had  lived  a  normal  life. 

Another  direct  cost  to  the  federal  goverrwnent  Is  social  security  payments 
to  disabled  workers  who  have  not  reached  6S  years  of  age.  Acute  and 
chronic  bronchitis  and  emphysema  have  been  selected  from  the  respiratory 
group  as  a  subgroup  related  to  automotive  pollution. 

The  total  number  of  requests  for  disability  allowed,  the  number  of  re¬ 
quests  allowed  for  heart  disease  (ICO  420)  and  the  number  of  requests 
allowed  for  bronchitis  and  emphysema  are  given  in  Table  18  for  1957-1965. 
The  total  number  of  disabled  workers  In  current  pay  status  was  available 
for  years  1958-1962.  The  number  in  current  pay  status  for  years  1963-1969 
had  to  be  estimated  from  the  total  In  current  pay  status  and  the  proportion 
of  requests  for  disability  allowed  for  each  disease. 

Disability  is  defined  by  Social  Security  as:  "the  inability  to  engage  In 
any  substantial  gainful  activity  by  reason  of  any  medically  determinable 
physical  or  mental  impairment  which  can  be  expected  to  result  In  death 
or  to  be  long  continued  and  Indefinite  duration  prior  to  age  65  and  to 
have  existed  for  6  months"^^^^®. 
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The  sane  Justification  for  attributing  10  percent  of  bronchitis  deaths  and 
5  percent  of  arteriosclerotic  and  coronary  deaths  to  motor  vehicle  pollu¬ 
tion  Is  used  for  attributing  the  same  percentage  of  disabled  workers 
receiving  social  security  payments  to  motor  vehicle  exhaust. 

Table  18  shows  the  original  data,  the  number  of  workers  In  current  pay 
status,  the  number  attributed  to  motor  vehicle  exhaust,  average  yearly 
payment,  correction  factor  for  converting  actual  payments  to  current 
value  at  6  percent  compound  Interest,  and  the  last  2  columns  give  the 
1970  value  of  yearly  payment  to  the  proportion  of  disabled  workers 
which  are  attributed  to  motor  vehicle  pollution.  Total  disability 
payment  for  heart  disease  is  $74.6  million  and  for  bronchitis,  $114 
million. 

The  values  In  Table  18  are  underestimates  because  on  consideration  Is 
given  for  payments  In  1970  and  bayond.  Some  of  the  disabled  workers  will 
continue  to  be  disabled  until  they  reach  65  which  extends  beyond  1970 
for  many. 

Another  underestimation  Is  the  loss  of  Income  taxes  which  this  group  would 
have  paid  had  they  lived  a  normal  life  and  not  been  disabled  by  motor 
vehicle  pollution.  This  has  not  been  evaluated  but  It  Is  a  sizable  amount. 

Workers  disabled  by  motor  vehicle  accidents  and  by  other  diseases  which 
may  be  attributed  to  motor  vehicle  pollution  have  not  been  considered  or 
evaluated.  However,  the  total  of  these  would  add  up  to  a  significant 
figure. 


36-993  0  -  74  -9 


lovernment  workers  in  Washington.  D.  C.  SMSA  area 


6.  Lost  productivity  by  g 
due  to  eye  irritation. 

Table  19  shows  total  civilian  U.  S.  employment,  civilian  employment  and 
payroll  in  Washington,  0.  C.  SMSA,  and  cost  of  a  10  percent  reduction 
In  productivity  for  88  hours  per  year.  The  1970  value  Is  based  on  6 
percent  Interest  compounded  to  1970. 
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Table  19.  Eye  Irritation  -  Loss  in  Productivity 


Value  of  a  10  percent  reduction  in  productivity  of 
Federal  eiaployees^for  88  hours  per  year  In  SMSA  - 
Washington.  0.  C. 


Year 

TOTAL  U.S. 
(000,000) 

Washington,  O.C. 
SMSA 

No,  Payroll 

(000,000)  (000,000) 

Productivity 

Loss*^ 

(000,000) 

Compound 

Interest 

1970 

Value 

1 

1960 

2.43 

1,286 

5744 

).79 

TTT 

1961 

2.44 

.24 

1,401 

5.93 

1.69 

10.02 

1962 

2.50 

.26 

1,519 

6.43 

1.59 

10.22 

1963 

2.52 

.26 

1,661 

7.03 

1.50 

10.55 

1964 

2.51 

.26* 

1,793 

7.58 

1.42 

10.76 

1965 

2.54 

.28 

1,947 

•  8.24 

1.34 

11.04 

1966 

2.75 

.30 

2,157 

9.13 

1.26 

11.50 

1967 

2.96 

.31 

2,266 

9.59 

1.19 

11.41 

1968 

2.98 

.31 

2,499 

10.57 

1.12 

11.84 

TOTAL  69.93  97.08 


♦Estimate 

Source:  (a)  Larsen,  R.  I.,  Proceeds  from  Air  Quality  Criteria  to-Air  Quality 
Standards  and  Emission  Standards  -  APCA  Paper  69-210^®. 

In  Washington,  O.C.,  measured  oxidant  levels  in  ambient  air  at  the 
CAMP  stations  have  been  above  eye  irritation  threshold  for  an  average 
of  88  hours  per  year;  If  productivity  is  reduced  by  10  percent  as  a 
result  of  the  high  oxidant  levels  then  the  government  loses  10  percent 
of  the  payroll  during  high  oxidant  periods.  These  occur  during  the 
day  and  working  days  when  auto  traffic  is  high. 

-(88)  (.1)  j(  payroll  =  loss  to  government 
2080 

2080  =  nuirber  of  working  hours  per  year. 


(b)  Statistical  abstracts. 


(c)  Cost  of  a  10  percent  reduction  in  productivity  for  88  hours  Washingtorv, 
D.C.,  3MSA  per  year  (million  dollars) 

No  known  source  -  The  10  percent  loss  in  production  is  not  based  on  research  findings- 
speculation  only.  Eye  irritation  from  smog  is  a  nuisance  and  results  in  some  loss 
of  production.  The  10  percent  figure  seems  reasonable  as  an  approximation. 
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There  Is  no  research  results  available  on  reduction  In  productivity. 

I  telephoned  the  Los  Angeles  Air  Pollution  Control  Board  and  the  Los 
Angeles  County  AMA  to  see  if  they  knew  of  research  or  Information  on 
effects  of  smog  and  eye  irritation.  I  failed  to  get  any  Information 
from  them.  Eye  Irritation  Is  a  nuisance  and  It  has  a  definite  effect. 
The  reduction  of  10  percent  was  selected  as  a  reasonable  estimate  and 
to  show  how  this  counts  up  when  applied  to  a11  governmental  employment. 

The  hours  per  year  of  eye  Irritation  smog  Is  based  on  measurements  made 
at  the  CAMP  station  In  Washington,  0.  C. 
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ENVIRONMENTAL  PROTECTION  AGENCY 
Air  Pollution  Control  Office 
5600  Fishers  Lsne»  Rockville,  Ms^land  20652 


naffyk 


y,  Reviev  of  p'  bile  papers  to  dociunent  the  delay  of  pollution 

control  technology  by  the  automobile  industry 

T0:  Dr.  Hyman  Rltchin 
Justice  Department 

As  you  requested,  I  have  reviewed  the  technical  literature  and  the 
available  public  issuances  of  the  Calltornia  Motor  Vehicle  Pollution 
Control  Board.  In  this  memo  I  have  pulled  together  items  which  I 
bc'ieve  relevant  to  your  case.  It  should  be  noted  that  although  the 
technical  literature  was  thoroughly  surveyed  there  are  two  sources 
which  were  not  explored.  These  are  the  records  of  the  Los  Angeles 
County  air  pollution  control  program  and  the  California  Motor  Vehicle 
Pollution  Control  Board.  These  two  sources,  X  am  sure,  would  yield 
much  additional  documentation  of  value  to  your  case.  If  yob  feci  such 
additional  information  necessary  I  recommend  these  sources  also  be 
explored.  I  have  organized  this  report  in  a  chronological  fashion  to 
convey  the  historical  development  (or  non-development)  of  the  technology. 

•k  *  * 

The  Industry  often  points  to  1952  as  the  beginning  of  their  work  on 
the  control  of  vehicle  emissions,  '{he  implication  being  that  at  that 
point  in  time  they  began  their  research  without  any  previous  knowledge 
of  exhaust  emls'ons  and  thus  progress  should  be  expected  to  have 
occurred  very  slowly.  But  a  review  of  the  technical  literature  shows 
that  by  1952  substantial  research  on  exhaust  composition  had  already 
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been  done.  when  Dr.  Haagen-Salt  Irrefutably  Identified  auto 

exhauat  as  a  cause  of  photochemical  smog  In  1952  there  already  existed 
a  body  of  knowledge  on  the  techniques  of  exhaust  gas  measurement  and 
some  of  the  par.nmeters  Influencing  exhaust  gas  composition. 


In  a  moment  of  candor,  fiM’s  technical  director,  .Tolin  Campbell  related: 

"GM  has  been  cognizant  of  the  exhaust  gas  problem  for  many 
years  and  the  research  laboratories  of  GM  have  been  respon¬ 
sible  for  the  discovery  of  much  of  the  basic  information  on 
exhaust  gas  that  is  available  today  on  this  subject. 

"Carbon  monoxide  has  generally  been  considered  the  principal 
component  of  exhaust  gas  that  is  injurious  to  health.  Through 
Improvements  in  carburetion,  ignition,  and  engine  design,  we 
have  reduced  the  average  carbon  monoxide  content  of  exhaust 
gases  by  a  very  significant  amount  over  the  past  20  years. 

Interestingly  the  parameters  of  carburetion,  ignition,  and  engine  design 

were  the  very  pa-  jmeters  that  were  to  be  varied  flfteer.  (15)  years 

later  to  meet  the  1968  Federal  emission  standards.  Thus  the  proposition 

often  put  forth  by  the  Industry  that  In  1952  the  industry  knew  nothing 

about,  emissions  Is  misleading  and  self-serving. 


iD'Alleva,  B.  A.  and  Lovell,  W.  G. ,  "Relation  of  Exhaust  Gas  Composition 
to  Air-Fuel  Ratio,"  S.A.E.  Journal  ^(3),  90-98,  116  (1936). 

Complete  exhaust  gas  analyses  for  CO2,  CO,  hydrogen,  methane, 

.snd  oxygen  have  been  related  to  directly  measured  air- fuel  ratios 
for  three  engines  over  a  range  of  operating  conditions  and  with 
varied  alr-measurlng  equipment. 

^Fieldner,  A.  C.,  and  Jones,  G.  M.,  "Sampling  and  Analysis  of  Automobile 
Exhaust  Gas,"  Franklin  Institute  Journal,  Vol.  194,  pp.  613-644  (November 
1922) . 

^aglll,  P.  D. ,  Hutchinson,  D.  H.,  and  Stormes,  J.  M. ,  'Hydrocarbon  Con¬ 
stituents  of  Automobile  Exhaust  Gases,"  Proc.  Natl.  Air  Pollution  Symposium, 
2nd  Symposium,  Pasadena,  California,  1952,  pp.  71-83. 

^Letter  to  Mr.  Kenneth  Hahn,  Los  Angeles  County  Supervisor  from 
Mr.  John  M.  Campbell,  Administrative  Director,  Engineering  Staff,  GM 
dated  March  .26,  1953. 
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Deceleration  Devices  -  Developed  but  not  deployed 

In  this  same  letter,  Mr.  Campbell  wrote  the  following: 

"Finally,  It  might  be  said  that  our  organization  and  others 
are  continually  seeking  a  practical  solution  to  every  one  of 
the  problems  which  you  have  enumerated  and  just  as  fast  as 
I  practical  solutions,  even  partial  ones,  are  found  they  will 

be  put  into  commercial  use  because  of  the  continual  competitive 
incentive  toward  making  engineering  improvements  in  the  auto¬ 
motive  Industry."  (Emphasis  added). 

Would  that  the  industry  had  kept  that  promise.  But  five  years  later, 

history  finds  Mr.  Hahn  still  imploring  the  industry  on  behalf  of  the 

people  of  Los  Angeles.  His  letter  to  Mr.  Curtice,  President  of 

General  Motors  (a  similar  letter  sent  to  each  auto  company)  dated 

July  16,  1957,  begins; 

"I  would  sincerely  appreciate  it  if  you  would  let  me  know  if 
General  Motors  Corp.  is  planning  to  install  on  its  1958  model 
automobiles  a  device  (either  a  new  type  muffler  or  engine 
device)  wlilch  will  eliminate  or  help  reduce  the  air  pollution 
problem  of  Los  Angeles  County." 

The  reply  of  Mr.  Chandler  of  Ford  dated  July  24,  1957,  Is  Informative; 

"Referring  to  the  application  of  devices  to  production  auto¬ 
mobiles,  I  might  emphasize  that  the  Industry  has  worked 
Intensively  on  Induct ion- system  devices  for  reducing  hydro¬ 
carbon  emission  during  deceleration  and  has.  In  fact,  supplied 
the  Los  Angeles  Air  Pollution  Control  District  with  preliminary 
'  working  models  of  these  devices  for  evaluation  by  the  district. 
Further  work  in  Detroit  since  these  devices  were  submitted  has 
resulted  In  making  the  devices  BK>re  acceptable  from  a  driving 
standpoint,  and  these  Improved  devices  are  also  being  made 
available  to  the  air  pollution  control  district  at  their 
earliest  convenience. 

"As  we  have  stated  lii  our  earlier  letters,  it  is  quite  Important 
that  any  device  which  we  submit  be  very  carefully  evaluated  by 
your  air  pollution  control  district  so  that  any  possible  benefit 
to  be  derived  from  such  a  device  can  be  clearly  determined.  The 
automobile  industry  has  accepted  the  responsibility  for  reducing 
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hydrocarbon  emlaslon  from  automobile  exhaust  to  the  best  of  its 
ability.  It  Is,  however,  up  to  your  local  authorities  to  deter* 
mine  whether  or  not  such  a  reduction  will  result  In  any  reduction 
In  the  smog  problem.  It  Is  thus  essential  that  the  evaluation  of 
the  devices  be  most  carefully  and  thoroughly  made  so  that  a 
decision  will  not  be  reached  <i{hlch  might  result  In  unnecessary 
expenditures  by  the  people  in  Los  Angeles." 

Paraphrasing,  Ford's  reply  might  read: 

We've  made  some  progress  but  if  you  (county  officials)  want  the 
people  of  Los  Angeles  to  benefit  from  it  you  will  have  to  make 
the  difficult  political  decision  that  this  small  Improvement 
in  emissions  is  worth  the  substantial  costs  associated  with  it. 

This  challenge  proved  to  be  too  much  for  the  County.  Their  competent 

but  small  technical  staff  could  not  match  the  industry  in  doing 

Independent  research.  The  technical  staff  could  only  provide  an 

evaluation  of  the  systems  supplied  by  the  industry.  Thus  it  is  not 

surprising  that  their  findings  were  insufficient  to  permit  the  adoption 

of  a  strong  position  by  the  Board  of  Supervisors.  The  County's 

technical  staff  reported  "...Under  roed  conditions,  on  deceleration 

cycle  only,  fuel  shutoffs  have  shown  hydrocarbon  reductions  in  the 

50  to  60  per  cent  range."®  Try  as  they  might  the  small  staff  could  not 

out  do  the  industry. 


In  March  of  1958,  Mr.  Hahn  writes,  perhaps  a  bit  testily: 

"I  am  fully  acquainted  with,  and  .appreciate,  the  work  which  the 
automobile  industry  has  done,  and  Is  doing,  in  researching  this 
problem,  but  the  health  and  welfare  of  the  nearly  six  million 
people  in  this  area  demands  more  effective  results. 


^Llnville,  W.,  H<^es,  R.  G.,  Ranter,  C.  V.,  Evaluation  of  Methods  for 
Controlling  Vehicular  Exhausts.  APCA  Annual  Meeting,  Los  Angeles, 
California,  June  1959. 
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"I  believe  that  by  conducting  a  public  hearing  and  eatabliahlng 
a  deadline  date  hy  uhlch  the  autoaoblle  Industry  aaist  come  up 
with  a  satisfactory  device  In  order  to  sell  new  esrs  here,  that 
the  Board  of  Supervisors  will  be  performing  s  service  for  you  In 
providing  a  definite  time  goal,  and  that  this  will  make  our 
position  and  Intentions  clear  to  the  people.” 

The  industry  replies.  Ford,  April  9,  1958: 

"I  am  sure  that  you  are  also  aware  of  the  fact  that  the  auto¬ 
motive  Industry  has  submitted  deceleration  devices  to  your  air 
pollution  control  district.  You  also  must  realize  that  we  now 
know  that  these  devices  will  reduce  total  hydrocarbon  emission 
from  automobile  exhaust  by  no  more  than  25  per  cent.  The  apparent 
conclusion  of  your  air  pollution  control  district  that  the  cost 
of  applying,  inspecting  and  maintaining  these  devices  would  not 
be  Justified  by  such  a  low  rate  of  reduction  seems  reasonable." 

GM,  April  15,  1958: 

"The  fact  is  that  the  solution  to  this  problem  has  turned  out 
to  be  a  much  more  difficult  one  than  was  originally  supposed  by 
most  people.  Although  we  now  have  a  much  better  understanding 
of  the  problem,  we  do  not  as  yet  have  a  practical  sr.lution  in 
slglt.  Our  efforts  to  find  relief  in  some  form  of  carburetor 
modification  have  not  proven  sufficiently  effective  to  warrant 
recommended  use.  Our  present  efforts  are  directed  toward  an 
exhaust  burner,  either  catalytic  or  open  flame,  but  while  we 
have  had  some  promise  of  success  in  our  experiments,  we  have 
net  yet  produced  a  comnercially  acceptable  sample  that  could 
even  be  considered  for  use  by  the  public.  There  are  a  number 
of  problems  such  as  noise,  space  limitations,  warm-up  time, 
safety  from  fire  hazards  and  objectionable  odors  that  have  not 
yet  been  solved.  (Emphasis  added). 

The  story  of  deceleration  devices  ends.  Would  that  in  1958  GM  had  kept 
their  promise  that  "even  partial  solutions  would  put  into  use  just  as 
fast  as  they  are  found.  .  .because  of  the  continual  competitive  incentive." 
Had  they  kept  that  promise  on  cars  manufactured  after  1958  by  now  that 
25%  reduction  would  have  prevented  the  emission  of  millions  of  tons  of 
hydrocarbons.  The  failure  to  utilize  deceleration  devices  continues 
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to  cause  excessive  emlaslons  even  now  in  the  1970*8.  The  millions  of 
uncontrolled  pre-1968  vehicles  continue  to  excessively  pollute  the 
air.  Apparently  between  the  1953  and  1958  letters,  the  continual 
competitive  Incentive  had  disappeared  because  the  promise  was  not  kept. 
And  the  public  had  to  wait  another  10  years  before  induction  device 
technology  would  be  applied. 


Unclear  Statements  Put  Industry  in  the  Clear 

Statements  by  the  AMA  appear  to  be  very  carefully  worded.  But  sometimes 
these  statements  have  a  tendency  to  mislead  public  representatives  not 
aware  of  the  technical  literature.  For  example,  on  November  14,  1960, 
Ralph  H,  Isbrandt,  Chairman,  AMA  Engineering  Advisory  Committee  and 
Director  of  Automotive  Engl'ieerlng  and  Research  at  American  Motors  Corp. 
reported  to  the  California  Motor  Vehicle  Pollution  Control  Board 
(Dr.  Middleton  was  Chairman): 

"Assisted  by  the  development  of  new  instrumentation  and  more 
effective  techniques  for  the  analysis  of  exhaust  gas  emlssicns, 
one  of  the  company  teams  learned.  In  the  Fall  of  1959,  that  crank¬ 
case  blowby  was  an  Important  source  of  unburned  hydrocarbons . 
(Emphasis  added). 

"The  device  has  many  virtues.  Including  simplicity,  low  first  cost, 
long  service  life,  and  ease  of  inspection  to  determine  whether  or 
not  It  Is  operating  oroperly.  This  device  Is  not,  however,  simple 
In  the  sense  that  little  or  no  engineering  Is  required  for  Its 
development  and  adaptation." 

And  In  the  "AMA  Memorandum  on  the  Department  of  Justice  Investigation"^ 
one  reads: 


••often  referred  to  as  the  "green  book." 


138 


Page  7  -  Dr.  Hyman  Rltchln 

"In  1959  through  a  truly  extraordinary  stroke  of  good  fortune-- 
the  crankcase  was  discovered  to  be  a  more  Important  source  of 
emissions  than  had  been  suggested  by  prior  government  and  other 
studies." 

In  a  review  of  the  technical  literature,  however,  one  finds  in  the 

proceedings  of  the  2nd  National  Air  Pollution  Symposium  dated  May  1952 

that  the  industry's  attention  was  drawn  to  blowby  as  an  important 

source  of  noxious  emissions  nearly  a  decade  earlier.^ 

"The  rates  of  blouby  relative  to  exhaust  are  quite  low,  however, 
the  higher  concentrations  of  noxious  products  make  blowby  a 
factor  to  be  considered  in  regard  to  air  pollution.  The  effect  to 
deteriorating  engine  condition  is  to  increase  blowby  and,  con¬ 
sequently,  to  Increase  the  total  amount  of  noxious  products. 

This  change  may  be  greater  than  tenfold  at  low  speeds  typical 
of  city  driving." 

"Of  the  products  identified  as  definitely  or  probably  present 
in  blowby,  aldehydes  and  acids  have  characteristic  irritating 
effects  on  the  nose,  eyes,  or  both.  Combinations  of  these  with 
other  exhaust  and  blowby  product)  or  with  other  air  pollutants 
may  accentuate  these  effects.  Organic  hydroperoxides  identified 
as  probably  present  have  been  blamed  in  past  theories  as  being 
serious  contributors  to  air  pollution." 

Eight  and  one-half  years  later,  on  October  18,  1960,  Oi's  president 

was  gratified  to  report  but  only  to  those  U.  S.  cltisehs  residing  In 

California:® 

"I  am  gratified  to  be  able  to  report  that  positive  crankcase 
ventilation  Is  available  on  all  1961  General  Motors  passenger 
cars  being  delivered  to  California.  We  believe  that  this 
relatively  unconq>llcated.  Inexpensive  device  will  perform  a 
major  Job  of  reducing  air  pollution. 


7payne,  J.  0.  and  Sigworth,  H.  W.,  "The  Composition  and  Nature  of 
Blowby  and  Exhaust  Gases  from  Passenger  Car  Engines,"  Proceedings 
National  Air  Pollution  Symposium,  2nd  Symposium,  Pasadena,  California 
1952,  pp.  62-70. 

®Letter  dated  October  18,  1960,  from  John  F.  Gordon,  President  of 
General  Motors  to  Mr.  Kenneth  Hahn,  Los  Angeles  County  Supervisor. 
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"Aa  you  know,  the  autoaobll*  tnduatry  la  collectively  working  on 
the  problem.  The  voluntary  offering  of  theae  devicea  by  the 
entire  automobile  Induatry  to  the  new  ear  buyer*  of  California, 

I  believe,  la  concrete  evidence  of  the  alncerlty  of  our  effort*." 

Auto  induatry  executlvea  often  boast  of  their  voluntary  contributions 

to  pollution  control  technology.  And  one  %K>uld  like  to  believe  In 

the  sincerity  of  their  efforts  as  Mr.  Gordon  asked. 

But  many  of  those  in  government  who  have  been  fighting  for  clean  air 
do  not  believe  that  nuch  has  been  done  voluntarily.  Vlhat  Is  believed 
Is  that  the  efforts  of  the  County  of  Los  Angeles  In  1958  and  1959  to 
secure  legislation  to  establish  a  state-wide  motor  vehicle  pollution 
control  program  provided  the  motivation  for  the  Industry  to  break 
through  the  technological  barrier  and  "voluntarily"  Install  the  PCV 
valve  on  California  cars.  It  la  believed  that  the  three;  of  regulatory 
authority  did  more  to  bring  about  the  breakthrough  than  did  "a  truly 
extraordinary  stroke  of  good  fortune." 


The  AMA's  account  of  history  to  the  Justice  Department  which  follows, 

leaves  out  some  critical  details  and  again  tends  to  mislead  those 

unfamiliar  with  the  technical  literature. 

"In  1959 — through  a  truly  extraordinary  stroke  of  good  fortune-- 
the  crankcase  was  discovered  to  be  a  m>re  important  source  of 
emissions  than  had  been  suggested  by  prior  government  and  other 
studies.  Adaptation  of  positive  crankcase  ventilation  to  the  cars 
of  all  the  companies  followed  Immediately,  with  the  result  that 
all  1961  model  vehicles  sold  In  California,  beginning  In  the  Fall 
of  1960,  had  as  standard  equipment  a  system  of  positive  crank¬ 
case  ventilation  adapted  to  the  technical  needs  of  each  manufac¬ 
turer's  engines.  Hotwlthstandlng  serious  engineering  reserva¬ 
tions  about  the  technique  and  practically  no  customer  demand, 
positive  crankcase  ventilation  was  Installed  by  the  manufacturers 
on  all  vehicles  sold  by  them  in  the  United  States  beginning 
in  the  Fall  of  1962." 
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The  AHA  lo  their  referanea  to  "aarloua  anglnaarlng  reaervatlona  about 
the  tachnlqua"  were  apparently  trying  to  alalead  the  Juatice  Depart- 
■ent's  non-technlcal  attorneys,  gut  in  the  Air  Pollution  Control 
Office's  copy  of  the  green  book.  Assistant  Conmlssioner  William  H. 
Megonnell,  penciled  in  "Hogwash!  They'd  been  in  use  for  30  years." 


Another  important  fact  conveniently  omitted  is  that  in  1961  then 

Secretary  of  HEW,  Abraham  Ribtcoff  offered  the  automobile  industry 

the  "choice"  of  "voluntary"  installation  of  PCV  valves  on  all  U.  S. 

cars  or  he  would  seek  legislation  to  require  such  installation  by 

Federal  regulation.  Congressman  Fogarty  of  the  House  Appropriations 

Committee  added  his  support  to  the  Secretary  as  follows:^ 

"I  cannot  escape  the  conclusion  that  the  automobile  industry 
has  been  dragging  its  feet  in  the  matter  of  factory  Installation 
of  blowby  devices.  These,  as  you  probably  know,  are  relatively 
inexpensive  devices  for  controlling  emissions  from  automobile 
crankcases.  While  they  will  not  solve  the  larger  problem  of 
exhaust  emission's  from  the  tailpipe,  they  do  eliminate  from 
one-fourth  to  one-third  of  the  motorcar's  total  contribution 
to  our  air  pollution  problem. 

"Such  devices  were  factory-inatalled  on  new  cars  sold  this  year 
in  the  one  State  of  California  and  are  available--at  a  higher 
price,  of  cour8e--as  optional  dealer-installed  equipment  on 
new  American  cars  in  other  localities.  In  view  of  the  oiounting 
evidence  that  air  pollution  not  only  is  costly  but  may  also  be 
highly  hazardous  to  human  health — and  since  this  new  device 
eliminates  a  part  of  it  at  a  low  cost — it  would  have  seemed  loth 
good  business  and  good  public  relations  for  the  auto  industry 
to  Install  such  a  device  at  the  factory  on  all  new  cars  sold  in 
this  country.  This  it  fact  is  what  Secretary  Riblcoff  recently 
recooBiended .... 


Congressman  Fogarty,  ConKresslonal  Record.  May  17,  1961,  pp.  7689 
and  7690. 
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"I  akould  think  that  thaaa  tMO  rich  Induatrlea  (oil  and  auto)  — 
•imply  In  enlightened  aelf-lntereat.  If  for  no  other  reaaon— 
would  do  everything  they  reasonably  could  do  to  abate  their  own 
contribution  to  this  growing  envlronawntsl  hasard,  If  only  to 
avert  the  risk  of  drastlb  legislation  which  night  seaai  to  then 
nuch  less  reasonable  In  Its  demands.  Many  of  the  controls 
laiposed  on  the  refineries  In  Los  Angeles  also  nake  econonlc  good 
sense,  too.  In  that  they  cut  down  losses  from  evaporation  of  a 
marketable  product.  Any  factory- Installed  blowby  devices  for 
automobiles  cost  less  than  $5  and  also  Improve  the  car's  function. 

"What  could  be  more  reasonable  than  for  both  the  oil  and  auto¬ 
mobile  industries  to  follow  throughout  the  country  the  splendid 
example  set  In  Los  Angeles?" 

The  Discovery  of  Exhaust  Emission  Controls 

In  1957  when  the  competitive  incentive  apparently  was  missing,  the  AMA 

Induction  System  Task  Group^^  reported  to  the  technical  community  at 

an  SAE  meeting  their  findings  after  two  years  of  evaluation  of 

various  systems.  An  Idea  of  how  limited  a  mandate  management  gave 

these  engineers  might  be  gleaned  from  the  following  statements: 

This  group  studies  the  available  information  on  hydrocarbon 
emission.  Experience  of  the  members  on  engines  and  carburetion 
was  utilized.  Ft  did  not  appear  that  appreciable  reductions  In 
the  Idle,  acceleration  and  cruise  phases  of  operation  could  be 
made  by  readily  applicable  design  changes.  (Emphasis  added). 

With  the  limited  mandate  reflected  In  this  brief  charter  description 

one  can  understand  the  adoption  of  the  following  limited  goal: 

One  of  the  first  acts  of  the  Induction  System  Task  Group  was  to 
decide  on  Its  goals.  These  evolved  from  discussion  during  the 
first  few  ametings  and  were  recorded  as  follows: 

)  •  Ooly  devices  for  control  of  hydrocarbons  durlni:  decelera¬ 
tion  would  be  studied  (Emphasis  added) . 

Yet  further  on  In  this  1957  paper,  Dietrich  gives  us  a  glimpse  of 

the  pollution  control  systesu  to  be  placed  on  1968  automobiles. 


^®Dletrlch,  H.  H. , 'Mutoaxitlye  Exhaust  l^drocarbon  Reduction  During 
Deceleration  by  Induction  System  Devlces,"SAE  170,  Aug.  1957. 


36-993  0  -  74-10 
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Ihe  Idla  adjuataant.  Aa  aeeii  i»*  Figure  3,  a  lean  Idle  adjuataenc 
produces  considerable  less  hyursrnrbon  ealsslon  during  decelera* 
tlon  than  a  rich-idle  adjustaar*!'. 

And  Just  as  reveallngly  but  In  nepat'oe  teru  the  second  aspect  of 

the  1968  systems  Is  described:  . 

"Device  to  Change  Ignition  Att  ^aace  During  Vehicle  Deceleratlon-- 
Optlmum  spark  advance  during  deceleration  (about  30  deg  btdc) 
produced  slight  reductions  ir:  hydrocarbon  emission  on  a  vehicle 
during  road  test,  but  the  Iniv'rc.eHient  was  not'  significant  enough 
to  warrant  the  necessary  com;  t icatlon." 

One  might  ask:  Significant  enougli  1:,.  >.'hom? 

In  1962,  Mr.  Charles  Helnen  of  Chryrier  tells  the  technical  comaninlty 
of  the  engine  modification  kits  developed  by  Chrysler. He  describes 
these  kits  as  consisting  of: 

a.  Altered  choke  setting — 1<'  Xe»n  out  mixture  sooner. 

b.  Lean-Idle  adjustment 

c.  Lean  carburetor  Jets 

d.  Retarded  spark  timing  at  {4lv 

e.  A  vacuum  advance  control  to  advance  spark  timing  on 

deceleration. 

Chrysler' s  Mr.  Helnen  goes  on  to  describe  the  results  of  tests  conducted 

In  21  laboratories  on  58  vehicles  etjtfipped  with  these  kits. 

"With  but  one  exception  all  vehicles  on  which  we  have  received 
reports  met  the  California  Staeirfards  for  hydrocarbons  after  the 
kits  had  been  properly  Installed.  All  met  the  Standards  for 
carbon  isonoxlde.  It  should  be  lueted  that  sosie  laboratories 
reported  hot  cycles  on,  ,-.  The  .nileage  on  the  cars  used  ranged 
from  new  to  approximately  30,00o  miles.  The  vehicle  that  did  not 
meet  the  standard  showed  291  ppiH  HC  on  the  full  California  cycle. 
The  difficulty  appeared  to  lie  i ft  the  warm-up  cycle...." 


^^Helnen,  C.  M., 'Using  the  Engine  f«r  Exhaust  Control"  S. A. E.  S  355, 
Hovember  1962. 


I 
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"Where  Increases  occurred,  Che  vabtcles  could  be  returned  to 
normal  by  an  adjustisent  of  Che  idle  screw  to  the  proper  carbon 
monoxide  content,  a  change  In  the  Idle  rpm  to  the  recoamended 
value,  a  timing  adjustment,  or  a  combination  of  the  three...." 

"In  sunmary,  it  appears  at  this  stage  that  the  modifications 
and  adjustments  represented  fay  the  "kits"  are  capable  of 
lowering  exhaust  emissions  of  318  cu.  in.  Chrysler  engines 
to  levels  below  the  California  Standard,  The  only  point  in 
question  would  appear  to  be  what  frequency  of  adjustments  is 
necessary  to  keep  them  there  for  12,000  miles." 

The  public  might  have  hoped  that  Mr.  Ileinen  would  have  continued  to 

announce  the  Installation  of  these  systems  on  all  1964  model  year 

vehicles.  Unfortunately  he  did  not.  Instead  the  public  had  to  wait 

until  three  (3)  years  later,  when  in  1965,  the  Chrysler  Corporation's 

Vice  President,  B.  W.  Bogan,  testified  before  the  Senate  Subcommittee 

that  the  system  would  be  on  1966  model  year  California  cars.  And 

that  given  two  more  years  lead-time,  and  barring  any  unforeseen 

problems,'  and; 

"if  necessary,  wfi  should  be  able  to  start  our  production  tooling 
program  to  supply  those  cold  weather  areas  (of  the  U.  S.)  which 
feel  that  they  have  an  air  pollution  problem  of  the  type 
encountered  in  California.  Thank  you."  (Emphasis  added). 

The  public  ^ould  have  to  wait  until  the  Industry  was  told  it  was 

indeed  necessary.  First  the  Congress  would  have  to  authorize  the 

Federal  Government  to  set  national  emission  standards,  then  the 

Federal  Government  would  have  to  adopt  the  California  emission 

standards,  and  then  given  sufficient  lead  time  of  two  years,  the 

industry  would  begin  the  nationwide  installation  of  exhaust  emission 

controls  with  the  1968  model  year.  A  system  evaluated  and  reported  on 

in  1957,  and  developed  by  1962  was  placed  on  all  new  vehicles  in  1968. 
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The  Temporary  Restoration  of  Competition 

In  1959  the  California  legislature  expressing  frustration  over  the 
lack  of  progress  in  motor  vehicle  pollution  control  passed  a  law 
requiring  the  State  Department  of  Public  Health  to  set  air  quality 
standards  and  motor  vehicle  exhaust  emission  standards.  That  same 
year,  1959,  California  set  exhaust  emission  standards  of  275  ppm 
hydrocarbons  and  1.5%  carbon  monoxide.  These  emission  standards  were 
aimed  at  restoring  the  degree  of  air  quality  which  existed  in  l.os 
Angeles  in  1940.  By  1970! 

That  this  action  by  the  California  legislature  was  in  vain  can  be  seen 
from  the  following  figures:  ' 


Estimated  Emissions  from  Motor  Vehicles 
in  Tons  Per  Dav- 

_ Los  Angeles _ 


* 

1940 

1959 

1370 

Carbon  Monoxide 

2,500 

8,500 

8,500 

Hydrocarbons 

600 

1,800 

1,500 

Oxides  of  Nitrogen 

125 

390 

730 

The  California  law  specified  that  the  emission  standards  would  apply 
upon  State  approval  of  two  emission  control  systems  which  demonstrated 
the  ability  to  meet  the  standards .  ~  It  required  that  all  i;  ars  sold  in 

^^Profile  of  Air  Pollution  Control  in  Los  Angeles  County,"  L.  A.  County 
Air  Pollution  Control  District,  1969. 
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California  would  have  to  be  equipped  with  an  approved  ayatem.^^  Since 
the  Callfomlana  were  buying  autoakobllea  at  the  rate  of  nearly  a  million 
cars  per  year,  the  law  provided  a  potential. market  and  thereby  a 
financial  Incentive  to  private  developers.  Thus,  In  1959  the  auto 
Industry  was  given  an  external  competitive  incentive  to  compensate  for 
the  intra-industry  competitive  incentive  which  had  apparently  been  lost 
after  1953. 

The  California  law  provided  an  incentive  for  the  "discovery"  of  control 
systems. 

In  November  1962  when  Mr.  Helnen  reported  on  the  Chrysler  Kit  the 
industry  was  feeling  some  of  the  pressures  of  competition  building. 

In  July  of  1963  when  Chrysler  became  the  first  major  manufacturer  to 
apply  for  California  approval,  the  state  Motor  Vehicle  Pollution  Control 
Board  already  had  under  test  seven  independently  designed  exhaust  control 
systems. 

In  June  1964,  the  California  Motor  Vehicle  Pollution  Control  Board 
met  to  consider  official  approval  of  four  Independently  manufactured 
exhaust  control  devices.  Official  approval  of  just  two  systems  would 
trigger  the  standards  and  all  new  vehicles  would  have  to  be  equipped 
with  one  of  the  systeois.  At  the  aieetlng,  Virgil  Anderson,  representing 

l^ciarkson,  D,  and  Middleton,  J.  T.,  "The  California  Control  Program  for 
Motor  Vehicle  Created  Air  Pollution."  Air  Pollution  Control  Association, 
June  11,  1961,  New  York  City. 
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the  California  State  Autoaoblle  Aaaoclatlon  asked  the  Board  to  delay 
the  effective  date  of  certification  so  that  exhaust  controls  would 
first  appear  on  1967  aiodel  cars  (Instead  of  1966)  in  accordance  with 
the  promise  of  the  automobile  manufacturers.  Mr.  Anderson  was  followed 
by  Mr.  George  Delaney,  representing  the  Automobile  Manufacturers 
Association.  He  emphasized  that  the  auto  companies  had  the  same  sense 
of  urgency  as  the  Board  with  respect  to  getting  exhaust  controls  on 
new  cars.  But  the  Industry  felt  that  the  1967  model  year  was  the  first 
time  systems  could  be  on  cars  which  would  meet  Detroit's  standards  for 
performance,  durability,  and  customer  satisfaction.^^ 

The  Board  disregarded  these  pleas  for  delay  and  granted  approval  to  the 
following  systems; 

1.  American  Machine  &  Foundry  -  Chromalloy 

2.  Arvln  -  Universal  Oil  Products 

d 

3.  W.  R.  Grace  -  Norris  Thermador 

4.  Walker  Manufacturing  -  American  Cyanamid 

These  approvals  triggered  the  law  and  required  all  1966  model  year 
vehicles  to  be  equipped  with  one  of  the  approved  systems. 

Less  than  eight  weeks  later  off  August  12,  1964,  a  major  breakthrough  was 
announced  by  the  four  oiajor  automobile  swnufacturers .  The  Industry  would 
have  their  own  control  systems  meeting  California  standards  on  1966 
model  cars  to  be  sold  In  California. 

^^otor  Vehicle  Pollution  Control  Board  Bulletin.  June  1964. 
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Thue  the  people  of  California  could  breathe  a  algh  of  relief  for  a 
long  hard  fought  battle  (but  not  the  war)  was  won.  But  the  autoosjblle 
industry  also  was  able  to  breathe  a  algh  of  relief  because  the  com¬ 
pelling  competitive  incentive  which  had  arisen  was  once  again  removed. 


I.oul8  V.  Lombardo 
Technical  Assistant 

Mobile  Source  Pollution  Control  Program 
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APPEHDl^ 

In  reviewing  the  technical  literature^  one  could  not  help  being  struck 
by  the  Irregularity  In  the  number  of  technical  papers  presented  each 
year.  Normally  over  a  period  of  IS  years  of  increasing  research  and 
development  one  would  observe  a  pattern  of  relatively  steady  growth 
in  the  number  of  papers  published  each  year.  In  the  field  of  motor 
vehicle  pollution  control,  however.  In  lieu  of  a  pattern  of  steady  growth 
in  the  number  of  papers  published  each  year,  we  find  an  unusual  and 
highly  irregular  pattern.  We  find  from  the  tabulation  below  that  over 
the  period  1955  through  1966,  only  four  years  were  notable  by  the 
number  and  quality  of  the  publications:  1955,  1957,  1962,  1966. 


Number  of  SAE 

Year  Papers  Published 


Comments 


1955  8 

1956  1 

1957  10 

1958  4 

1959  6 

1960  4 

1961  1 

1962  21 

1963  7 

1964  5 

1965  7 

1966  24 


Papers  describe  emissions,  their 
measurement  and  causes. 

Deceleration  devices  described 


PCV  described 


1966  exhaust  control  systems  described 


It  is  difficult  to  avoid  the  impression  that  the  release  of  these  papers 
was  controlled.  Surely  an  ur.nampered  publication  process  would  have 
demonstrated  a  more  normal  exponential  growth  pattern. 
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[From  the  Congressional  Record — Bouse,  May  18, 1971] 

Smoo  Control  Antitrust  Case 

(Mr.  Burton  asked  and  was  given  permission  to  address  the  House  for  1  minute, 
to  revise  and  extend  his  remarks  and  Include  extraneous  matter.) 

Mr.  Burton.  Mr.  Speaker,  on  September  13,  1969 — see  Congressional  Record 
for  that  date — I  Joined  with  17  of  my  colleagues  in  urging  an  open  trinl  in  the 
smog  control  antitrust  case. 

Just  this  week  I  have  received  a  document  which  I  am  offering  today  for  my 
colleagues  to  examine,  a  document  presented  to  me  by  reliable  persons,  and  which 
is  described  as  a  confidential  memorandum  of  the  U.S.  Department  of  Justice. 
This  memorandum  recommended  to  the  Attorney  General  that  criminal  chargee 
be  brought  against  American  auto  manufacturers  for  con^iiing  to  retard  the 
development  of  a  smog-free  motor  vehicle. 

This  memorandum,  which  spells  out  in  detail  previously  undisclosed  evidence, 
was  prepared  before  January  10,  19^,  when  the  Department  of  Justice  decided 
to  proceed  with  a  civil  suit.  Subsequently,  the  Department  of  Justice  agreed  to 
settle  the  matter  with  a  consent  decree. 

These  disclosures  are  especially  painful  In  light  of  the  settlement  of  the  Gov¬ 
ernment’s  civil  case  in  September  19^  which  was  filed  in  lieu  of  any  criminal 
case.  This  settlement  by  a  consent  decree  increased  the  legal  burdens  for  later 
litigants,  failed  to  provide  for  any  restitution  of  damage  done,  failed  to  contain 
adequate  reporting  requirements,  and  failed  to  prohibit  the  destruction  of  past 
documents — all  in  tradition  of  ex  parte  negotiations  which  form  the  cornerstone 
of  the  consent  decree  program. 

I  release  this  document  today  because  I  agree  with  the  metaphor  principle 
behind  Louis  Braudels’  statement  that  “sunlight  is  the  best  of  all  disinfectants.’’ 
Public  exposure  of  these  formerly  secret  materials  can  only  serve  to  educate  the 
people  as  to  the  industry’s  capability  for  a  major  health  problm.  The  consent 
decree  settlement  deprived  the  public  of  an  open  trial  on  all  the  issues.  An  open 
trial  would  educate  the  unreformed  and  deter  the  potential  violator,  especially 
In  the  auto  industry  which  has  for  too  long  been  dealt  with  by  gentlemanly 
trustbusters  in  the  shadow  of  Government.  Sunlight  will  do  it  well. 

The  material  follows : 

PROPoeED  dependants  and  co-conspirators 

PROPOSED  DEFENDANTS 
Corporation  and  State  of  incorporation 

AutomobileManufacturers  Association,  Inc.,  New  York. 

General  Motors  Corporation,  Delaware. 

Ford  Motor  Company,  Delaware. 

Chrysler  Corporation,  Delaware. 

American  Motors  Corporation,  Maryland. 

The  entire  conspiracy  was  organized  and  nurtured  in  and  operated  through 
the  Automobile  Manufacturers  Association  (AMA).  the  trade  association  of  the 
automobile  Industry  with  a  membership  of  nearly  99%  of  all  domestic  car  and 
truck  manufacturers.  The  Board  of  Directors  of  AMA  made  all  policy  decisions 
in  the  motor  vehicle  air  pollution  control  field  and  the  members  ado]>ted  those 
policies.  AM.\.  is,  therefore,  pro]>o.sed  to  l)e  named  as  a  defendant. 

The  big  four  of  the  Industry — General  Motors.  Ford.  Chrysler,  and  American 
Motors — were  most  active  in  the  con.spiracy  primarily  because  they  were  most 
affected  financially  if  required  to  Install  pollution  control  devices  on  the  millions 
of  cars  they  manufactured  annually,  amounting  to  a  vn.st  majority  of  all  domes¬ 
tic  car  production.  General  Motors,  Ford,  Chrysler,  and  American  Motors  are, 
therefore,  proposed  as  defendants. 

The  conspiracy,  which  started  at  least  as  early  ns  1965,  has  lasted  so  long 
that  many  of  the  participants  have  abandoned  tiielr  particiimtion  by  severing 
connection  with  the  employers  they  re]>resented  by  retirement  or  otherwise.  Too, 
so  many  people  were  involved  on  l)ehalf  of  the  companies  involved  that  It  would 
be  unrealistic  to  name  them  all  as  defendants.  'Tlie  following  representative 
ofindals  who  were  active  in  the  conspiracy  were  selected,  therefore,  as  proposed 
defendants : 
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FBOFOSID  OO-OONBnKATOU 
Corporatiom  and  State  of  incorporation 

Checker  Motor  Coi];)oration  (successor  to  (Checker  Oab  Manufacturing  Corpora¬ 
tion) ,  New  Jersey. 

Diamond  T  Motor  Car  Company.  IlUnoia 

Internatlmial  Harvester  Company  (a  consolidation  of  International  Harvester 
Company,  a  New  Jersey  corporation,  and  International  Harvester  Corporaticm, 
a  Ddkware  corporation) .  Delaware. 

Stud^ker  (Corporation  (successor  to  Studebaker-Fackard  (Corporation),  Mich¬ 
igan. 

White  Motor  Corporation  (successor  to  The  White  Motor  Company),  (Miio. 

Kaiser  Jeep  Corporation  (successor  to  Wlllys  Motors,  Inc.,  a  P«insylvania 
Corporation) ,  Nevada. 

Mack  Trucks,  Inc.  (successor  to  Mack  Manufacturing  Corporation) ,  New  York. 
INDIYintTALS  FBOFOSED  AS  CO-OONBPmATQBS 

All  m^bers  of  the  Board  of  Directors  of  AMA  from  January  1,  1953  to  the 
date  of  the  Indictment,  other  than  those  named  as  defendants  hereto. 

All  members  of  the  Engineering  Advisory  Committee  of  AMA  from  January  1, 
1963  to  the  date  of  the  indictment,  other  than  those  named  as  defendants  herein. 

All  members  of  the  Vehicle  (Combustion  Products  Committee  of  AMA  from 
December  4,  1953  to  the  date  of  the  indlctmmtt,  other  than  those  named  as 
defendants  herein. 

All  members  of  all  Task  Groups  which  were  subcommittees  of  the  Vehicle 
Combustion  Products  Ckmunlttee  frcun  December  4,  1963  to  the  date  of  the 
indictment. 

All  members  of  the  Patent  Committee  from  January  1,  1963  to  the  date  of 
the  Indictment. 

- ,  employed  by  AMA,  acted  as  its  liaison  officer  between  it  and  its  members 

in  the  air  pollution  control  equipment  field  and  also  as  its  representative  before 
state,  county,  and  local  boards  and  agencies  concerned  with  motor  vehicle  air 
pollution  control. 

The  foregoing  corporations  are  all  AMA  members  and  signatories  to  the 
cross-licensing  agreement,  the  vehicle  about  which  the  conspiracy  revolved. 
They  are,  therefore,  proposed  as  co-con^lrators. 

The  other  proposed  co-conspirators  are  the  many  participants  in  the 
conspiracy. 

BACKOBOUItD 

Air  pollution  is  a  national  problem.  Polluting,  emissions  from  automobiles  is 
one  of  the  causes.  Because  of  the  toiK^raphy  *  of  I>os  Angeles,  California  and 
the  high  concentration  ’  of  automobiles  in  that  area,  ;  ue  problem  was  first  recog¬ 
nized  by  the  country  and  then  California  state  officials,  and  efforts  to  compel 
remedies  were  first  imposed  there.  This  memorandum  relates  to  collusive  activi¬ 
ties  of  the  automobile  manufacturers  in  connection  with  research,  development, 
manufacture,  and  installation  of  motor  vehicle  air  pollution  control  devices.  As 
background,  the  Los  Angeles  story  is  important. 

^Tbe  word  “smog,”  derived  from  abbreviations  of  smoke  and  fog,  is  a  misnomer. 
What  is  commonly  called  “smog”  is  really  the  result  of  chemical  reactions  that 
take  place  in  polluted  air,  heated  by  the  sun’s  rays,  and  is  evidenced  by  one  or 
more  effects  much  as  eye  irrltatiou,  reduced  visibility,  high  ozone  concentration, 
plant  damage,  and  odor.  It  is  recognizable  by  a  “brownish”  or  "bluish”  haze  which 
many  times  obscures  the  surrounding  mountains. 

control  program  was  commenced  by  the  State  of  California 
Au  ld51y  Dr.  Arie  J.  Haagen^Smlt,  a  renowned  research  chemist  at 

the  California  Institute  of  Technology,  discovered  that  when  oxides  of  nitrogen, 
OTOue  and  gasoline  (hydrocarbon)  vapors  were  introduced  into  a  plexiglass  test 
cham^r  and  exposed  to  ultra  violet  light  (artificial  sunlight),  an  irritating 
with  all  the  properties  of  natural  smog  was  formed.  It  was  this  research 
that  pinpointed  the  motor  vehicle  as  one  of  the  major  sources  of  air  pollution  and 
became  known  as  the  Haagen-Smit  or  hydrocarbon  theory  of  smog  formation. 
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Following  the  pubUcatlon  and  gmeral  accepUnce  of  the  Haagen-Sndt  theory, 
the  automobile  Industry  finally  acknowledged  that  motor  vehicles  contributed  to 
air  poUutlon,  which  It  had  steadfasUy  denied  prior  thereto.  The  problem  of  how 
to  control  motor  vehicle  emissions  wns  then  turned  over  by  the  Industry  to  the 
Automobile  Manufacturers  Association  (AMA),  of  which  all  the  automobile 
manufacturers  were  and  ate  members. 

From  the  very  outset  the  Industry  realised  that  air  pollution  control  devices 
do  not  help  sell  automobiles.  (Tr.  Vol.  XXXVIII,  p.  H;  Tr.  Vol.  LVIII,  p.  170). 

In  his  testimony  (Tr.  VoL  XXXV,  pp.  32-33),  Supervisor  Hahn  of  Lot 
Angeles  County  confirmed  the  following  statement  aniearing  In  Balph  Nader  s 
book,  “Unsafe  at  Any  Speed”  at  page  100 : 

“When  Mr.  Hahn  went  to  Detroit  to  get  some  direct  answers  about  adoption 
of  AThanaf  controls,  a  senior  oflSclal  of  one  of  the  companies  asked :  ‘Well,  Mr. 
Hahn,  will  that  device  sell  more  carsF  ‘No,’  said  Mr.  Hahn.  ‘Will  It  look  prettier, 
will  it  give  us  more  horsepower?  If  not,  we  are  not  Interested.’  ” 

A  letter  of  November  17,  1988  from  Lloyd  Withrow,  head  of  the  Fuels  and 
Lubricants  Department  of  General  Motors  (GM),  directed  to  Dr.  L.  B.  Hafsted  of 
that  company,  states  In  part:  “financing  this  work  is  most  expensive,  and  the 
incentives  for  carrying  It  out  are  closely  related  to  political  consideration.”  The 
letter  goes  on  to  state  that  “[t]he  development  of  exhaust  control  devices  cannot 
be  Justified  on  a  business  basis ;  the  only  hope  of  a  return  on  such  an  investment 
is  possible  legislation  requiring  their  use.”  After  pointing  out  that  none  of  the 
devices  contribute  appreciably  to  the  efllciency  performance,  or  amkearance  of  the 
automobile,  the  letter  concludes  that  on  account  of  the  reasons  advanced,  “the 
managements  of  Corporation  Divisions  are  reluctant  to  undertake  the  engineer¬ 
ing  and  development  of  devices,  even  though  they  appear  to  be  based  on  sound 
principle.”  (Tr.  Vol.  XXXVII,  pp.  101-105;  GJ  Ex.  525). 

While  the  general  public  talks  a  lot  about  air  pollution,  most  people  prefer 
doing  without  control  devices  rather  than  to  pay  for  them.  As  a  result  the  indus¬ 
try  engaged  in  Up  service  concerning  the  health  and  welfare  of  the  community 
and  the  necessity  for  prompt  research,  development,  and  installation  of  motor 
vehicle  air  poUutlon  control  devices.  In  fact,  as  hereinafter  shown,  the  automo¬ 
bile  manufacturers,  through  AMA,  conspired  not  to  compete  in  research,  develop¬ 
ment,  manufacture,  and  installation  of  control  devices,  and  collectively  did  aU  In 
their  power  to  delay  such  research,  development,  manufacturing,  and  installa¬ 
tion.*  Indicative  of  this  industry  attitude  is  the  very  firm  position  taken  in 
regard  to  the  California  authorities,  as  reported  by  Dr.  J.  D.  Ullman  of  B.  I. 
Du  Pont  after  a  visit  to  Detroit  In  January,  1960. 

“Basically,  the  automotive  manufacturers  would  seek  to  avoid  installing  a 
reactor  of  any  sort  on  a  car  because  it  adds  cost,  but  provides  no  customer  benefits 
such  as  improved  engine  performance  or  styUng  advances.  From  this  thinking 
[the  following  fact,  among  others,  evolves]  : 

“(1)  A  smog  abatement  device  will  be  installed  on  cars  for  California  market 
only  after  being  approved  and  requested  by  the  Government  of  California.  (Hte 
industry  has  told  California  that  cars  will  be  equipped  with  devices  designated 
by  California  one  year  from  the  date  of  designation.”  (GJ  Ex.  194) . 

Also,  failure  on  the  part  of  the  manufacturers  to  purchase  devices  of  inde¬ 
pendent  companies,  prt^uced  at  costs  of  millions  of  dollars,  discouraged  such 
independents  from  further  research,  development,  or  manufa.ture  of  control 
devices  to  the  great  detriment  of  the  American  people,  science  and  industry. 

An  AMA  internal  memorandum  prepared  for  presentation  at  Vehicle  Combus¬ 
tion  Products  Committee  (VCP)  and  Engineering  and  Advisory  Committee 
(EAC)  meetings  disclosed  that  as  recently  as  January  16, 1965  the  same  dilatory 
considerations  prevailed : 

“On  the  basis  of  the  facts  the  industry  is  not  convinced  that  exhaust  emissions 
devices  or  systems  are  necessary  for  nationwide  application  to  motor  vehicles 
but  believes  Instead  that  they  will  be  an  economic  and  maintenance  burden  on 
motorists.  It  is,  therefore,  not  prepared  to  desirous  to  intiate  any  voluntary 
program  to  Impose  these  systems  or  devices  on  all  customers  nationwide,  or  to 
accept  the  re^nsibillty  for  such  a  decision,  in  the  face  of  a  lack  of  convincing 
evidence.”  (GJ  Ex.  411). 

The  seriousness  of  the  basic  problmn  of  air  pollution  in  Los  Angeles  is  high¬ 
lighted  by  the  following  statistics :  As  late  as  January  1967,  even  with  the  in¬ 
stallation  of  air  pollution  control  devices  compelled  by  law,  12,465  tons  out  of  a 
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total  of  14,001  tons  per  day  of  oontamlnanta  within  Loa  Angeles  County  are 
caused  by  gasoline  powered  motor  v^cles,  or  in  other  words,  85^%  of  all  con¬ 
taminants  In  the  area  are  still  caused  by  motor  vehicles.  (6J  Ex.  486). 

THE  arroifOBiLE  UAHvwAcrtxjms  association 

The  ama  is  a  trade  association  whose  members  manufacture  99%  of  the 
cars,  trucks,  and  buses  produced  annually  in  the  United  States.  Tr.  VoL  XX,  p. 
62;  Tr.  Yci.  XXI,  p.  124;  OJ  Bx.  384).  The  policies  of  AMA  are  made  by  and 
the  activities  of  am  A  are  carried  on  under  the  direction  of  its  Board  of  Direc¬ 
tors,  (Tr.  Vol.  XX,  p.  60).  The  Board  of  Directors  is  comprised  of  the  President 
and  Chairman  of  the  Board  of  the  automobile  and  truck  companies  who  are 
members  of  the  Association.  (Tr.  VoL  XVII,  p.  6).  Until  recently  *  the  President 
of  AMA  was  chosen  from  among  the  members  of  the  Board  of  Directors.  (GJ  Ex. 
255  and  800). 

Most  of  the  work  of  AMA  is  done  by  committees.  (Tr.  Vol.  XVII,  p.  6).  When 
the  air  pollution  control  program  was  commenced,  the  VCP,  a  subcommittee  of 
die  EAC  (which  consists  of  the  Vice-Presidents  in  charge  of  the  engineering  de¬ 
partment  of  each  member  company),  was  established  by  the  AMA.  (Tr.  Vol.  I, 
pp.  88-90,  OJ  Ex.  260;  Tr.  Vol.  XXXXVII,  ppl  62-56,  GJ  Ex.  566).  Membership 
in  the  VCP  consists  of  project  engineers  of  the  various  member  companies.  (Tr. 
VoL  XXXXV,  p.  32).  The  following  excerpts  from  documents  and  testimony  illus¬ 
trate  the  broad  stxq^te  of  the  assigned  VCP  responsibilities : 

The  Vehicle  Combustion  Products  Com^ttee  of  the  Automobile  Manufac¬ 
turers  Associadan  which  has  been  assigned  the  responsibility  for  the  past  four 
and  one-half  years  of  conducting  an  intensive  cooperative  program  dealing  with 
all  aspects  of  the  automobile  exhaust  problem  ...  (GJ  Ex.  258,  excerpt  from 
draft,  dated  March  10,  1968,  prepared  for  presentation  to  House  Safety  Com¬ 
mittee). 

“As  the  role  of  the  automobile  in  smog  formation  was  being  disclosed,  the  AMA 
Board  of  Directors,  in  1964,  instructed  industry  engineers  to  look  into  the  situ¬ 
ation  Immediately  and  make  recommends  dons  for  industry  action. 

“INDUSTBT  ACTION 

“As  a  result  of  this  Investigation,  the  AMA  Board  decided  that  the  problem 
should  be  dealt  with  on  an  industry  team  basis.  Accordingly,  it  formed  the  Ve¬ 
hicle  Combustion  Products  Committee  to  direct  all  industry  efforts  on  a  non¬ 
competitive  basis.”  (Tr.  Vol.  XXXXVI,  pp.  62-54;  GJ  Ex.  565). 

Mr.  Robert  T.  Van  Derveer,  director  of  Motor  Vehicle  Components  Laboratory, 
United  States  Department  of  Health,  Education  and  Welfare,  formerly  bead  of 
the  Fuels  and  Exhaust  Emissions  Departmmit,  American  Motors  Corporation 
(American),  testified  that  this  noncompetitive  industry-wide  approach  concerned 
not  only  research  and  development,  but  also  the  installation  and  marketing  of 
devices ;  that  is,  that  all  aspects  of  company  activity  in  this  field  were  to  be  co¬ 
ordinated  throu^  the  AMA  (Tr.  VoL  XXXXVI,  pp.  53-55). 

A  number  of  task  groups  report  and  make  recommendations  to  the  VCP  on 
specific  areas  of  the  automobile  which  affects  emission ;  e.g.,  the  Crankcase  Ven¬ 
tilation  Task  Group,  the  Exhaust  System  Task  Group,  and  the  Fuel  System 
Emission  Task  Group.  (Tr.  Vtfi.  XVII,  pp.  8-10). 

TTie  VCP  in  turn  reports  and  makes  recommendations  to  the  EAC.  (Tr.  Vol. 
XVII,  p.  6).  The  following  exc^t  from  GJ  Exhibit  335,  (Tr.  Vol.  XX,  p.  66,  61- 
62)  sheds  Uifiit  on  the  role  and  composition  of  the  EAC : 

“The  industry  cooperative  program  is  directed  by  the  AMA  Board  of  Directors 
but  is  under  the  tedinical  control  of  our  Engineering  Advisory  Committee  whose 
diairman,  Herb  Misch,  of  Ford  Motor  Company,  will  preside  this  noon.  Mr. 
MlsCh  and  all  of  the  other  members  of  the  Engineering  Advisory  Committee  are 
vice  presidents  in  charge  of  engineering  of  their  companies  and  are  therefore 
in  an  excellent  position  '<  direct  the  technical  activities  which  are  carried  on 
by  the  Vehicle  Combustion  Products  Committee  and  its  various  working  groups 
and  panels.” 

Tlie  ElAC  in  its  turn  reports  and  makes  recommendations  to  the  Board  of  AMA. 
(Tr.  Vol.  XX,  p.  62).  It  is,  however,  the  Board  of  Directors  which  makes  all  of 
the  policy  dedsions  of  AMA.  (Tr.  Vol.  XX,  pp.  50,  62 ;  Tr.  Vol.  XXXXVI,  p.  4). 
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As  early  as  19B6  and  even  prior  thereto,  public  ^geechea  and  statemoits  made 
by  the  top  brass  of  the  leading  automobile  companies  heralded  the  fact  that  co- 
operatlTe  effort  was  being  undmtaken  In  the  automobile  Industry  in  order  to 
accomidlsh  a  solution  to  the  motor  v^cle  air  pollution  control  problmn  as 
expeditiooaly  as  possible. 

In  a  speedi  made  on  April  18, 196S,  James  C.  Zeder,  then  Vice  President  of  the 
Chrysler  CJorporation  (Cli^slH),aaid: 

“Perhaps  you  are  somewhat  surprised  to  find  that  we  are  acting  cooperatlTely 
in  the  battle  against  ‘smog.’  Our  industry  has  a  reputatloa  for  being  fiercely  com¬ 
petitive,  and  we’re  proud  of  it.  Ordinarily,  competition  in  research  and  engineer¬ 
ing,  as  well  as  in  production  and  sales,  can  be  proved  to  be  the  best  way  to  get 
maximum  results  and  progress.  The  automobile  industry  and  business  has  been 
demonstrating  this  for  more  than  00  years.  But  It  has  also  demonstrated  that 
under  some  conditions,  where  the  public  interest  is  primarily  Involved,  It  Is  pos¬ 
sible  to  get  to  a  solution  of  a  prOUem  quicker  by  sharing  knowledge  and  by  help¬ 
ing  each  other  bear  the  work  load.  At  sudi  times  we  cooperate  as  energetically  as 
at  other  times  we  compete.’*  (OJ  Ex.  S28). 

Similarly,  In  the  language  of  Charies  A.  Chayne,  then  Vice  President  of  Gen¬ 
eral  Motors  and  Chairman  of  the  BAG  in  1964 : 

“Before  I  go  further,  therefore,  let  me  pause  to  add  my  personal  salute  to 
the  dvlc  spirit  that  lanndied  the  cooperative  program,  ‘C^ratlon  Teamwork’ 
which  wmit  into  effect  last  August  It  is  the  kind  of  teamwork  which  we  have 
adopted  in  the  automotive  industry  on  a  number  of  historic  occasions  when  it 
was  obviously  more  bmieflcial  to  the  American  people  gmrerally  for  ns  to  set  aside 
for  a  time  our  concern  about  the  immediate  advantaims  of  competitive  action, 
and  aiq>ly  the  combined  talents  and  fadlitles  of  the  whole  industry  to  the  solu¬ 
tion  of  some  problem  that  affected  the  public  interest  adversely.’’  (OJ  Ex.  5ffi) ; 
Cf.  Bemarks  of  John  F.  Gordon,  President,  AMA,  and  President  of  OM,  July  31, 
1963,  OJ  Ex.  336,  p.  2  of  remarks). 

Minutes  of  the  Engine  and  Vehicle  Modification  'Task  Group  Meeting,  Septem¬ 
ber  12, 1962,  {fives  foe  source  of  AMA  policy  in  this  matter  as  follows : 

“The  AMA  Board  of  Directors  has  instructed  the  Engineering  Advisory  Com¬ 
mittee  to  solve  the  vehicle  emission  problem  through  industry  co-operative  effort 
and  to  explore  any  and  all  avenues  necessary  to  accomplish  this.’’  (GJ  Ex.  286; 
Cf.  OJ  Ex.  268). 

On  February  7,  1955,  the  VCP  in  accordance  with  a  directive  of  the  Board  of 
Directors  submitted  in  draft  a  plan  whereby  an  information  pool  would  be  estab¬ 
lished  and  that  “resesrfo  and  test  data,  devices,  methods  and  foe  like,  whether 
or  not  the  subject  matter  of  a  patent  or  patent  application,  as  may  be  submitted 
by  any  Vehicle  Manufacturing  Company  to  the  VCP  Subcommittee,  and  owned 
or  cwtrolled  by  such  Company,  are  to  be  available  on  a  royalty-free  basis  to  all 
Vehicle  Manufacturing  Member  Comi)anies  and  sufo  non-member  companies  as 
the  VCP  Subconunittees  may  select  which  agree  to  conform  to  the  terms  of  the 
Resolution  of  foe  Board  of  Directors  approving  this  report.”  (GJ  Ex.  260,  p.  la ; 
Cf.  GJ  Ex.  286,  p.  4). 

The  plan,  however,  was  never  adopted.  In  place  thereof,  foe  Board  of  Directors 
of  AMA  "Instructted]  legal  counsel  and  the  AMA  Patents  Committee  to  develop 
a  Cross-Ucenring  Agmment  which  was  the  key  part  of  the  implemmitation  of 
foe  cooperative  research  and  development  program.”  (GJ  Ex.  268,  AMA  Staff 
Report  on  Smog  Problems  to  Board  of  Directors,  p.  1).  The  cross-llceising  agree¬ 
ment  limited  the  field  of  activity  to  six  categories.  The  Patent  Committee  Min¬ 
utes  of  April  5,  1955  at  which  this  plan  for  a  formal  cross-licensing  agreement 
was  adopted,  contains  the  following  statement  (similar  ones  of  whifo  were  made 
many  times  thereafter  by  the  project  and  industry  leaders) :  “Mr.  Heinen  has 
repeatedly  expressed  the  feeling  of  his  Committee  (the  VCP)  that  no  one  com¬ 
pany  should  be  In  a  position  to  capitalize  upon  or  obtain  competitive  advantage 
over  the  other  companies  in  the  industry  as  a  result  of  its  solution  to  this 
problem.”  (GJ  Ex.  292).  ^ 

This  posltton  and  its  antitrust  implications  are  indicated  in  a  May  10,  1954 
AMA  document  authored  by  Mr.  G.  J.  Gaudson,  former  secretary  of  foe  VCP, 
now  Detroit  Branch  Manager  of  foe  Society  of  Automotive  Engineers  (SAB), 
as  foUowa :  .  ,  ,  ^ 

“Heinen  asked  whether  a  company  coming  across  a  satisfactory  device  eifoer 
submitted  by  an  inventor,  developed  during  the  course  of  norm^  company  re¬ 
search,  or  during  foe  course  of  Subcommittee  studies  should  make  foe  device  and 


Its  details  known  to  the  other  companies  participating  in  the  Subcommittee 
work.  The  altematlre,  of  coarse,  would  be  for  the  company  to  say  nothing  and 
then  ‘scoop*  the  other  manufhctnrers  with  an  anti-smog  device.  In  view  of  the 
common  Importance  the  smog  tnoblem  to  all  of  the  companies  and  in  view  of 
the  aatlsfhctory  cooperative  nature  of  the  work  thus  far,  the  individual  company 
appcoatdk  was  not  generally  favorable.  However,  It  was  recopolsed  that  very 
serious  legal  problems  might  be  Involved  in  the  cooperative  accratance  and  re¬ 
view  device."  (OJBx.500). 

Mr.  J.  M.  Chandler,  then  Unit  Supervisor  of  the  Engineering  Research  Depart¬ 
ment,  Engineering  Staff,  Ford  Motor  Company  (Fortii,  In  an  intraeompany  com¬ 
munication  dated  November  16, 1964,  wrote  in  part : 

“leoal  AsracTs  or  ooonmAnvE  Acnon 

“Another  subject  discussed  at  this  VCP  meeting  was  that  of  the  legal  com¬ 
plications  Involved  In  a  cooperative  industry  solution  to  the  smog  problem.  Mr. 
Cronin,  General  Manager  of  the  Automobile  Manufacturers  Association,  indi¬ 
cated  that  the  legal  study  had  not  yet  been  completed,  and  that  he  was  not  sure 
how  cmnplez  It  was  going  to  be.  There  Is  some  difficulty  concerned  with  anti¬ 
trust  action  which  is  being  carefully  surveyed.  The  Subcommittee  Indicated  a 
gmieral  moral  fueling  of  free  co(g>eratlon,  but  with  no  binding  agremnents  legally 
available,  there  Is  still  some  questlmi  as  to  competition  versus  cooperation.  What¬ 
ever  the  legal  solution  it  would  not  hurt  for  us  to  be  competitively  prmMred." 
(GJEx.508). 

To  the  same  effect,  the  Minutes  of  the  Patent  Committee  of  April  6, 1965,  read 
in  part  as  follows : 

“In  discussing  the  need  for  a  formal  agreement  as  opposed  to  adoption  by  the 
member  companies  of  a  Board  resolutlcm  accepting  the  report  on  purpose  and 
procedure,  Mr.  WlUlts  pointed  to  the  cross-licensing  agreement  emi^oved  be¬ 
tween  the  lamp  and  automobile  manufacturers  In  solving  the  headlighting 
problem.” 

a  e  •  «  V  •  * 

“Mr.  WUllts  raised  some  fundammital  questions  as  to  the  extent  of  accom¬ 
plishment  possible  throuFb  a  cooperative  arrangement  such  as  that  contem¬ 
plated  here,  as  opposed  to  the  programs  which  might  be  achieved  from  the 
strictly  competitive  abroach,  it  was  agreed  that,  from  the  standpoint  of  public 
relations,  concerted  action  by  the  members  of  the  Industry  and  their  suppliers 
appeared  to  be  the  only  satisfactory  solution  to  the  problem."  (6J  Ex.  260). 

The  cross-licensing  agreemmit  was  originally  entered  into  in  1066.  It  was 
amended  in  1967  and  again  In  1960.  Five  years  extensions  were  executed  by  the 
signatories  in  1900  and  1966.  Thus,  the  basic  provisions  of  the  cross-licensing 
agreement  are  in  effect  today.  (OJ  Ex.  263,  264,  265,  and  266).  It  provides  for 
a  royalty-free  exchange  of  patents  between  the  participants  and  a  formula 
for  sharing  the  costs  of  acquisition  of  patents.  The  provisions  of  the  cross- 
licensing  agremnent  which  accomplish  this  result  are  as  follows; 

“abticus  m — ^ucEirsES  oranted  bt  each  pabtt 

“(a)  Each  party  to  this  Agreement  grants  to  each  of  the  other  parties  and  to 
their  respective  subsidiaries,  a  royalty-free,  nonexclusive  license  to  make,  use 
and  sell  and  to  have  others  make  for  it  or  them  Licensed  Devices  and  parts 
thereof  coming  under  any  patents,  domestic  or  foreign  (subject  to  the  condi¬ 
tions  set  forth  in  paragraphs  (b)  and  (c)  of  this  Article),  owned  or  controlled, 
either  directly  or  Indirectly,  by  s^d  grantor  on  July  1, 1966,  or  at  any  time  there¬ 
after  prior  to  June  30,  19W,  or  granted  at  any  time  hereafter  on  inventions 
owned  or  controlled,  either  directly  or  Indirectly,  by  said  grantor  on  July  1, 1965, 
or  at  any  time  thereafter  prior  to  June  30, 1960. 

•  *  a  •  •  *  * 

“(c)  If  any  of  the  parties  hereto  acquires  directly  or  indirectly  a  patent 
otherwise  coming  within  the  scope  of  this  Agreement  at  a  cost,  exclusive  of  the 
expense  incurred  in  prosecuting  the  patent  application  or  negotiating  the  pur¬ 
chase,  in  excess  of  three  hundred  dollars  (9^),  no  license  thereunder  shall 
be  acquired  by  any  other  party  by  operation  of  this  Agreement  except  upon  such 
party  sharing  the  cost  of  the  patent  equitably  with  the  first  party  and  with  any 
other  parties  electing  to  take  a  license  thereunder.”  (GJ  Ex.  263). 
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Section  (a)  provides  for  a  royalty-free  ezcbange  of  defined  patented  devices 
by  all  participants  provided  tbat  development  costs  In  excess  of  $800  ate  shared 
equally.  As  hereinbefore  stated,  there  is  admittedly  little  or  no  ecomunic  incen¬ 
tive  for  automobile  manufacturers  to  devekq^  and  Install  air  pollution  control 
equipment  on  vehicles  they  manufacture.  (Tr.  VoL  XXII,  p.  84).  Since  the 
results  of  any  industry  advances  are  to  be  shared  by  all,  there  is  no  private 
Incentive  for  gain  inasmuch  as  each  company  must  share  the  benefits  of  such 
advantages  with  the  rest  of  the  automobile  Industry  (OJ  Ex.  586) .  Delays  in  tech¬ 
nological  development  engendered  by  inadequate  manpower  or  facilities  will 
result  in  no  disadvantage  to  any  company  should  it  b^me  desirable  or  nec¬ 
essary  to  install  such  equipment  in  the  future.  At  the  same  time  it  is  apparent 
that  the  participants  in  the  cross-licensing  agreement  possess  suflicient  resources 
to  engage  in  competitive  research  and  development  programs. 

Section  (c)  provides  for  a  royalty-free  exchange,  between  the  participants, 
of  patents  acquired  friun  third  parties,  provided  that  the  purctose  price  in  excess 
of  $300  is  shared  equally.  In  ^ect,  this  provision  presents  a  third  party  seek¬ 
ing  to  market  a  patent  to  automobile  comptmies  with  but  a  single  purchaser — ^l.e., 
the  whole  Industry.  The  provision  eliminates  price  conq)etition  am(M>g  the  par¬ 
ticipants  with  respect  to  the  i;Hircha8e  of  patents  from  third  parties.  (Tr.  Vol. 
XXII,  p.  53). 

The  intent  to  control  prices  of  Inventions  by  the  cross-licensing  agreement  is 
shown  by  the  fact  that  this  agreement,  including  the  above-quoted  provision,  was 
modeled  after  a  similar  agreement  concerning  sealed  beam  headlights.  In  dis¬ 
cussing  this  agreement,  a  report  of  the  VCP  dated  January  10, 19M  reads  in  part : 
“There  are  some  industry  precedents  established  in  the  arrangements  which  the 
Industry  made  to  insure  multiple  sources  for  Sealed  Beam  headlight  units,  and 
to  set  the  terms  for  the  mawimum  royalties  to  he  paid  for  use  of  light  polarizing 
material.”  (GJ  338,  underscoring  supplies). 

The  cross-licensing  agreement  provides  a  most  “favored  nation  Clause’’  whereby 
third  parties  must  license  all  participants  at  the  same  royalty  rate.  (Tr.  Vol. 
XXII,  p.  48).  The  provision  of  the  cross-licensing  agreement  which  accomplishes 
this  result  is  as  follows : 

“aBTICIK  m — ^UCENBES  OaaETED  BT  EACH  PABTE 

“  (b)  If  any  party  hereto  as  acquired  or  does  in  the  future  acquire  either  directly 
or  indirectly  the  ownership,  control,  or  right  to  license  others  under  patents  other¬ 
wise  coming  within  the  scope  of  the  Agreement  conditioned  on  the  payment  of 
royalty,  no  license  thereunder  shall  be  acquired  from  such  party  by  and  other 
ps^y  by  operation  of  this  Agreement  except  upon  the  latter’s  agreeing  to  pay 
and  paying  to  the  licensor  of  said  first  party,  royalty  at  the  same  rate  as  such 
first  party  would  have  been  required  to  pay  bad  the  licensed  article  been  made 
or  sold  by  it.  Royalties  accruing  under  the  provision  of  this  subsection  (b),  if 
for  sales  within  the  United  States  and  Canada,  shall  be  payable  in  the  next  suc¬ 
ceeding  month  of  January,  April,  July  or  Oct(^r,  as  the  case  may  be,  following 
the  close  of  the  calendar  quarter  in  which  said  sales  occur.  .  .  .  (GJEx.  263). 

Mr.  William  L.  Scherer,  manager  of  the  Patent  Department  of  AMA,  inter¬ 
preted  the  meaning  of  this  provision  for  thexrand  jury.  He  testified  that  it  en¬ 
ables  any  other  party  to  the  argeement  to  obtain  the  same  kind  of  arrangements 
with  respect  to  rights  as  the  first  party  making  arrangement  with  a  patentee. 
(Tr.  Vol.  XXII,  p.  46).  In  other  words,  if  one  of  the  companies  acquires  a  license 
under  a  given  patent,  that  company  must  endeavor  to  make  it  possible  for  any 
other  party  to  the  agreement  to  also  obtain  a  license  under  tbat  patent,  for  which 
royalty  would  be  paid  at  the  same  rate  as  the  first  company  acquiring  rights 
under  the  patent  would  have  negotiated.  (Tr.  Vol.  XXII,  p.  47).  This  ensures 
to  anyone  else  who  may  want  to  come  into  the  program,  or  the  tbat  patent,  that 
they  will  get  the  same  royalty  treatment  as  the  first  individual  does.  (Tr.  Vol. 
XXII.  pp.  48-49). 

This  provision  of  the  cross-licensing  agreement  was  intended  by  the  partici¬ 
pants  to  eliminate  competition  between  them  in  the  purchase  from  third  parties  of 
rights  under  existing  patents.  This  conclusion  is  based  on  Mr.  Scherer’s  testimony 
which  was  as  follows : 

“The  .TxTBcrn-  Wasn’t  the  patentee  told  that  it  would  be  available  to  all  of 
the  companies?  Or  was  that  kept  a  deep,  dark  secret? 
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"The  WfenraM.  No.  I  thfak  that  whm  he  come,  tor  inatance,  it  John  Doe 
h««  ^  deriee  that  he  aajs  will  aolve  the  problenot,  and  he  wanted  to  ooue  to  Com¬ 
pany  ▲  mad  deal  with  that  company,  he  conld  haTe  done  ao. 

“Now  the  only  ondecatandinc  ia  that,  it  that  John  Doe,  I  beUeve  I  called  him, 
were  to  deal  with  f!n««p«ny  B,  the  only  onderetandlac  ia  that  be  ia  soinc  to 
get  ^  aame  royalty  arrangemoit  that  Company  A  haa. 

«  *  •  •  •  •  • 

“The  Wimna.  And  he  will  be  ^d  to  do  that,  beUeve  m& 

“The  JxmoA.  Well,  in  other  worda,  he  might  go  into  Company  A  and  agtee  oh 
a  royalty  ot  10#  an  item,  let’s  aay. 

“The  WnNKsa.  Tea: 

“The  JoBoa.  Now,  he  went  to  Company  B  and  he  is  faced  wlttt  the  tact  that 
that  ia  aa  much  aa  he  can  get ;  la  10#,  becanae  the  other  company  haa  now  made  it 
available  to  them. 

“The  Wirngaa.  That’a  light.  But,  remember,  he  haa  got  a  lot  more  volume. 

"The  Jtmoa  Well,  that  may  be  ao  or  it  may  not  be  ao.  But,  it  depeada  on,  in 
other  worda,  hia  10#  now  becomea  a  fixed - 

“The  Wirmcas.  Ceiling. 

“The  Jiraoa.  CeiUng. 

“The  Wniresa.  That’a  right. 

‘rrbe  JxTBOB.  He  cannot  go  above  that  ceiling  once  be  anbmlta  to  <me  company ; 
he  cannot  go  above  that  celfing.  He  ia  hooked. 

“The  WiTRsaa.  Under  what  we  call  the  “favored  natlim  dauae,”  yea 

“The  Junoa  Well,  whatever  yon  call  it,  be  ia  booked  for  that  amount 

‘“The  Wirirasa  That’a  right 

“The  Jrmoa  Thanka  (Tr.  VoL  XXn.  pp.  56-07). 

The  participanta  to  the  croaa-llcenaing  agreement  have  agreed  upon  a  method 
whereby  a  third  party  wUhlng  to  do  buBineea  with  any  participant  muat  agree 
with  hla  device  may  be  conaidered  all  of  the  participanta  throng  the  Auto¬ 
mobile  Mannfiictnrera  Aaaodatlon. 

In  1965,  the  croaa-licenalng  agreemmit  provided  in  pertlnait  part : 

“Article  Vlll—Ideat  (mtmttted  by  perions  other  thoa  partiet 

“It  ia  agreed  that  each  idea  relating  to  the  subject  matter  of  this  Agremnent 
submitted  by  a  pereou  other  than  a  party  to  this  Agiemnent  shall  be  first  sub¬ 
mitted  to  one  of  said  parties  accompanied  by  a  waiver  in  a  fmrm  approved  by 
the  Patoit  Committee  of  the  AntcMnoblle  Manufocturera  Aasodaticm  by  which 
the  submitter  Shall  authorise  sndi  party  to  disclose  the  Idea  for  aigwalsal  and  test 
to  any  third  party  or  parties  and  grant  immunity  to  said  party  as  well  as  to  all 
parties  to  whom  such  disclosure  is  made  from  all  liability  to  the  submitter  aria- 
Ing  from  sudi  disclosure  other  than  such  liability  arising  from  the  infringement 
of  any  valid  patent  covering  the  subject  matter  disclosed.  Bach  sndi  party  shall 
then  submit  such  ideas  to  the  Vehicle  Combustion  Products  Subcommittee  for 
consideration,  after  wfaldi  said  Party  shall  report  to  the  submitter  the  findings 
of  said  Subcommittee,  and  shall  file  a  copy  of  said  report  with  the  secretary  of 
said  Subcomndttee.”  (OJ  Ex.  263). 

This  provldon  was  amended  in  1957  to  read  as  follows : 

“ABTICLB  VIII— IDEAS  AND  INVENTIONS  SUBMITTED  BY  PBBSONS 
OTHER  THAN  PARTIES 

“Nothing  in  this  Agreement  shall  prevmit  any  of  the  partlea  frmn  receiving,  con¬ 
sidering  or  purchasing  ideas  or  invmitiona  submitted  by  others  relating  to  the 
subject  matter  this  Agreement  In  the  evmit  tbat  such  ideas  or  inventtmu  are 
submitted  to  a  party  by  a  person  other  than  a  party  to  this  Agreement  or  other 
than  a  person  under  contract  to  assign  such  ideas  or  inventions  to  a  party,  sndi 
Iiarty  may  submit  such  ideas  or  inventions  to  the  Vehicle  Combnadon  P^ncts 
Subcommittee  for  consideration  provided  sudi  pcurty  has  obtained  from  the  sub¬ 
mitter  a  waiver  in  a  form  approved  by  the  Patent  Committee  of  the  Autmnobile 
Mannfacturm  Association  by  which  the  submitter  shall  authorise  such  party  to 
disclose  the  idea  or  invention  for  appraisal  and  test  to  any  third  party  or  parties 
and  grant  immunity  to  said  party  as  well  as  to  all  parties  to  whom  sndi  dlselosnre 
is  made  from  all  liability  to  the  submitter  arising  from  such  disclosure  otbw  than 
such  liability  arising  from  the  infringement  of  any  valid  patent  covering  the  sub¬ 
ject  matter  disclosed.  The  said  party  shall  thereafter  report  to  the  submitter 
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the  fludinge  of  said  Subcommittee,  and  shall  file  a  of  said  report  with  the 
secretary  of  said  Subcommittee.”  (GJ  Bx.  264). 

Mr.  Scherer  testified  as  follows  as  to  the  substantive  change  worked  by  the 
19S7  amendment  to  Article  VIII ; 

“A.  ...  it  enables,  as  I  understand  it,  to  have  each  participating  company  con¬ 
sider  ideas  submitted  by  outside  parties,  not  parties  to  the  agreement,  for  con¬ 
sideration  and  teat  without  the  necessll?  of  ret>ortin^  that  information  to  the 
(others  participant [s]  under  the  cross-licensing  agreemmit.”  (Tr.  Vol.  XVII,  pp. 
44-46). 

Plainly,  Article  VIII  of  the  1955  Agreement  (OJ  Ex.  263)  requires  third  parties 
dealing  with  any  participant  to  agree  to  the  submission  of  their  device  to  the 
Vehicle  Combustion  Products  Subcommittee  of  the  Automobile  Manufacturers 
Association.*  As  amended  in  the  1957  agreement  (GJ  Ex.  264),  however,  it  would 
seem  that  referral  to  the  V'CP  was  no  longer  required.  (Tr.  Vol.  XVII,  pp.  44-46). 

Mr.  V'au  Derveer,  however,  testified  unequivocally  that  it  was  communicated  to 
liim  Ity  lioth  AMA  and  bis  suiJeriors  at  American  Motors  that  the  signatories 
to  the  cross-licensing  agreement  had  obligated  themselves  to  insure  that  before 
any  iwrtlciiaint  dealt  with  an  independent  device  manufacturer  that  the  device 
manufacturer  must  sign  an  AMA  Suggestion  Submission  Agreement.*  (Tr.  Vol. 
XXXXVI,  pp.  4b-51:  GJ  Ex.  416).  Even  after  the  1967  amendment,  AMA  con¬ 
tinued  to  recommend  to  participants  that  an  AMA  Suggestion  Submission  Agree¬ 
ment  be  obtained  from  third  parties.  (Tr.  VoL  XVIII,  p.  93 ) . 

Mr.  William  K.  Steinhagen,  a  General  Motors  engineer  in  charge  of  their  Power 
Development  Group,  testified  that  when  a  third  party  came  to  him  with  a  device, 
he  was  instructed  to  inform  the  third  party  of  General  Motor’s  obligations  under 
the  cross-licenslug  agreement  and  to  obtain  an  agreement  from  the  third  party 
allowing  tests  of  the  device  to  be  conducted  under  the  terms  of  the  cross-licensing 
agreement.  (Tr.  Vol.  XXXII,  p.  64). 

Mr.  Harold  Lipchick,  Vice  President  and  General  Manager  of  the  American 
Products  Division,  Chromalloy  American  Corporation,  testified  that  in  attempt¬ 
ing  to  market  the  AMF-Chromalloy  device  to  the  automobile  company  partici¬ 
pants  in  1964,  it  was  suggested  by  Mr.  Chandler  of  the  Ford  Motor  Company  that 
the  proper  method  of  procedure  would  be  for  Lipchick  to  execute  an  AMA  Sug¬ 
gestion  Snl>mi8sion  Agreement  and  to  make  bis  initial  presentation  to  the  AMA. 
(Tr.  Vol.  XVII,  p.  50). 

It  is  apparent  from  the  foregoing  testimony  that  the  langnagre  change  in  the 
1957  amendment  worked  no  substantive  change  in  the  requirement  that  partici¬ 
pants  not  consider  third  party  devices  unless  an  AMA  Suggestion  Submission 
Agreement  was  executed  by  tbe  third  party. 

Minutes  of  the  AMA  Patent  Committee  meeting  of  May  13,  1959,  read  in  part : 

“The  Committee  reconfirmed  tbe  position  taken  at  its  September  22, 1955  meet¬ 
ing  that  it  disapproved  any  meetii^  between  industry  members  and  persons  who 
have  not  signed  the  Cross-Licensing  Agreement  unless  the  outsiders  have  exe¬ 
cuted  an  AMA  Suggestion  Submission  Agreement  and  that  there  should  be  no 
exceptions  to  this  policy.”  (GJ  Ex.  260). 

That  AMA  highly  regarded  the  method  of  dealing  with  third  party  devices  is 
further  illustrated  by  the  following  pertinent  excerpt  from  GJ  Exhibit  302,  an 
unsigned  memorandum  dated  April  20,  1965 : 

“Probably  not  for  publication  but  Mr.  Thornton  (an  AMA  employee)  says  1957 
amendment  was  made  because  of  antitrust  problems  in  the  first  agreement. 
Changed  the  way  people  brought  ideas  to  the  committees  from  outsiders. 

•  *••••• 

“Also  not  for  publication — Mr.  Thornton  says  the  Patent  Committee  feels  we 
should  definitely  renew — especially  In  view  of  the  CID  investigation.  It  would  not 
be  wise  to  discard  the  agreement  at  this  time.” 

Mr.  Scherer’s  testimony  on  this  amendment  was  as  follows : 

“Q.  In  other  words,  prior  to  the  amendment  In  1957,  anybody  who  had  signed 
the  cross-licensing  agreement  was  obligated,  with  respect  to  submit  any  ideas 
which  they  received  from  outsiders  to  the  Automobile  Manufacturers  Association 
Vehicle  Combustion  Products  Committee?  Isn’t  that  correct? 

“A.  That’s  correct. 

“Q.  And  it  was  felt  in  1957  that  there  were  some  antitrust  difiBcultles  with 
that  particular  method  of  procedure,  was  there  not? 

“A.  All  I  can  say  to  that  is  that  on  advice  of  counsel.  It  was  changed.”  (Tr. 
Vol.  XVIII,  pp.  87-88). 

Footnotes  at  end  of  article. 
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Basically,  there  are  three  parts  of  an  automobile  emitting  pollutants.  One,  the 
crankcase  (blow-by) ;  two,  the  carburetor  and  fuel  tank  (evaporation  losses)  ; 
and  three,  the  exhaust  B^re  any  devices  were  affixed  to  cars,  the  experts  esti* 
mated  that  26%  of  the  pollutants  were  emitted  from  the  crankcase,  15  to  25% 
frmn  evaporatlim  losses,  and  50  to  60%  from  the  exhaust. 

In  1050  It  was  discovered  at  (general  Motors  that  a  positive  crankcase  ventila¬ 
tion  (pcv)  valve,  used  even  pri<«  to  World  War  II  for  the  purpose  of  keeping 
the  crankcase  of  military  and  other  vehicles  free  of  mud,  stand,  etc.,  was  effective 
in  the  elimination  of  blow-by  emissions  from  the  crankcase.  (Tr.  Vol.  XXIX, 
p.  72;  Tr.  VoL  XXXVl,  pp.  15-16).  As  a  result.  Uenerai  Motors  could  have 
installed  the  device  on  its  cars  and  obtained  a  competitive  advantage  since  this 
type  of  device  was  not  covered  by  the  cross-licensing  agreement.  However,  this 
was  not  done,  but  to  the  contrary,  the  cross-licensing  agreement  was  amended  in 
1960  by  the  addition  of  five  categories  covering  crankcase  and  evaporation  losses 
so  that  the  industry  could  act  collectively  with  regard  to  these  areas.  (Tr.  Vol. 
XXXVI,  p.  15 ;  GJ  Ex.  265) . 

A  July  27,  1958  memorandum  from  W.  F.  Sherman  of  the  AMA  staff  to  the 
EAG  states  in  part : 

“Mr.  Delaney  called  attention  to  the  fact  that  neither  of  these  areas  of  investi¬ 
gation  or  develt^ment  are  covered  by  the  present  industry  Cross-Licensing  Agree¬ 
ment.  I  was,  therefore,  the  unanimous  recommendation  of  the  committee  and  of 
Mr.  Delaney  that  the  Engineering  Advisory  Committee  should  immediately 
request  the  AMA  Patent  Committee  to  amend  the  Cross-Licensing  Agreement 
to  cover  these  areas,  and  to  do  so  in  the  immediate  future  to  permit  the  work  to 
go  forward  rapidly.”  (6J  Ex.  384). 

An  agreement  was  then  made  by  the  automobile  manufacturers  to  install  the 
pcv  valve  on  all  1961  model  cars  to  be  delivered  in  California  only.  (Tr.  Vol. 
XXXXIII,  pp.  99-100 ;  GJ  Ex.  366,  416,  643).  This  was  heralded  as  a  “voluntary” 
contribution  to  the  elimination  of  smog  by  the  automobile  industry.  (Tr.  Vol. 
XXI,  pp.  15-17,  GJ  Ex.  366;  Tr.  Vol.  XXIX.  pp.  73-74).  However,  a  document 
dated  November  18,  1969  written  by  W.  8.  Berry  of  American  Motors  indicates 
the  real  motive  for  the  installation  of  the  device  on  1961  models.  It  reads  in  part 
as  follows ; 

“There  is  time  to  complete  our  test  work  on  this  breather  system  before  the 
introduction  of  the  1961  model.  The  reasons  for  making  the  announcement  before 
test  work  is  completed  are  as  follows : 

“1.  The  (^portunity  for  the  industry  to  voluntarily  do  something  in  California 
which  will  make  a  major  reduction  in  emissions  at  a  relatively  low  cost.  In 
advancing  this  argument  the  AMA  Staff  uses  a  cost  to  the  customer  figure  of 
around  ‘|10.’ 

“2.  On  December  4th  there  will  be  a  hearing  in  Berkeley  which  will  be  held 
between  the  California  State  Department  of  Health  to  finalize  recommendations 
on  tailpipe  emissions.  An  announcement  before  that  date  would  possibly  slow 
down  any  regulatory  action  (m  this  matter.  Likewise,  this  announcement  may 
deter  Governor  Brown  from  holding  a  special  session  of  the  Legislature  dealing 
with  the  air  pollution  problem.”  (GJ  Ex.  665). 

Quite  evidently  the  cross-licensing  agreement  was  not  needed  for  protection 
or  use  of  any  patent.  As  a  matter  of  fact,  no  significant  patents  were  then 
known  to  exist  affecting  development  of  pollution  control  devices  and  no  lists 
of  patents  were  then  nor  have  they  ever  been  annexed  to  the  cross-licensing 
agreement  or  any  extension  thereof.  (Tr.  Vol.  XXII,  pp.  54-66).  It  is  submitted 
that  the  cross-licensing  agreement  was  merely  a  vehicle  to  accomx>lish  the  non- 
comx>etltlve  and  delaying  activities  of  the  signatories  thereto.^ 

The  evidence  adduct  before  the  Grand  Jury  clearly  developed  that  the 
signatories  to  the  cross-licensing  agreement  had  the  following  understandings 
and  agreements  with  respect  to  the  installation  of  motor  vehicle  air  pollution 
control  devices:  (A)  not  to  publicize  competitively  any  solution  to  the  motor 
vehicle  air  pollution  problem;  (B)  to  adopt  a  uniform  date  for  announcement 
of  the  discovery  of  any  air  pollutltm  control  devices;  and  (C)  to  install  de¬ 
vices  only  on  an  agreed  date.  (Tr.  Vol.  XXII,  pp.  49-60). 

Minutes  of  the  meeting  of  the  Engineering  Advisory  (Committee  on  January  10, 
1998,  read  in  part  as  follows : 

“l%e  Ccnnmlttee  report  raised  a  number  of  questions  for  decision  by  EAC. 
These  were  taken  up  in  the  following  order ; 

Footnotes  at  end  of  artlde. 
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“(i)  Statement  on  eackange  of  information  and  pnhlivity  on  smog  research 
activity.  The  VOP  asked  concurrence  of  EAC  on  tlila  statement  wbiA  was  drafted 
in  August  by  tbe  VCP  members.  Mr.  Kucher  stated  that  there  is  no  misconcep¬ 
tion  or  objection  to  tbe  objective  the  VCP  has  in  mind,  hut  be  questioned  what 
mechanism  would  be  used;  he  snnested  that  specific  provision  be  made  for 
the  sutunittal  of  plans  for  speeches  and  text  ahead  of  time.  Mr.  Heineu  said 
that  the  VOP  would  Include  such  ground  rules  with  the  statement. 

‘‘Mr.  Ackerman  commented  that  there  was  no  doubt  about  tbe  EAC  belief 
that  such  a  pct^rram  should  be  carried  out  on  a  cooperative  basis.  Mr.  CSmyiie 
moved  approval  of  the  proposal,  with  the  instruction  that  it  be  sent  to  tbe  com¬ 
pany  public  relations  directors,  asking  them  to  join  in  tbe  effort  to  carry  this 
out  properly. 

"The  VCP  report  also  called  attention  to  the  desirability  of  re-affirming  tbe 
idea  of  a  single  announcement  and  a  uniform  adoption  for  any  device  which 
the  industry  may  decide  to  use  for  smog  control.  Mr.  Cliayne  moved  that  this 
view  be  included  with  the  previous  motion ;  EAC  members  ai>t>roved.  (OJ  Kx. 
33»;Tr.  Vol.  XX,p.78). 

The  following  further  excerpts  from  dociunents  and  testimony  are  illu-strations 
of  the  understandings  and  agreements  referred  to  above : 

A.  As  to  the  agreement  not  to  publicize  comijetitively  any  solution  to  tbe 
problem : 

•T.  Grand  Jury  Exhibit  338,  dated  January  10,  1058,  (Tr.  Vol.  XX,  p.  74), 
reads  in  i>art  as  follows : 

“  'To  a  large  degree,  some  of  the  questions  in  connection  with  the  publication 
of  data  Involved  consideration  of  publicity  effects  which  often  result  when 
some  item  of  interest  is  released  dealing  with  the  smog  problem.  Tbe  Com¬ 
mittee  'believes  that  it  was  the  intention  of  AMA  in  establishing  the  VCT’  activity 
to  avoid  situations  in  which  competitive  publicity  advantages  would  arise  and 
be  seized  by  any  one  of  the  company  participants.  E.iC  rc-uffirmaiion  of  this 
vietrpoint  would  be  helpful. 

•  »**•*• 

“  ‘Similarly,  there  have  been  some  fears  expressed  that  technical  develop¬ 
ments  in  tbe  air  pollution  program,  which  might  happen  to  occur  in  one  quarter 
rather  than  another,  could  lead  to  a  situation  in  wbicli  some  automobile  com¬ 
panies  might  be  more  favorably  positioned  for  the  introduction  of  an  exhaust 
control  device  than  other  companies.  Here  it  has  been  the  VOP  understanding 
from  the  beginning  that  the  public  service  aspects  of  our  cooperative  work  on  the 
exhaust  gas  problem  are  such  that  no  company  should  expect  to  take  ad¬ 
vantage  competitively  by  being  the  first,  or  claiming  to  be  the  first,  to  offer 
such  a  device.  It  wUl  be  extremely  helpful  in  the  further  conduct  of  our  pro¬ 
gram  if  the  EAC  will  take  cognizance  of  the  importance  which  is  attached 
to  this  problem  end  re-afflm  authoritatively  that  the  companies  tvill  participate 
equally  in  the  public  relations  benefits  that  will  accrue  from  a  single  announce¬ 
ment  in  the  uniform  adoption  date  for  any  device  which  may  be  adopted  for 
use.’  ” 

The  reiwrt  of  the  EAC  of  the  same  date,  January  10,  1058  shows  that  by 
vote  it  reaffirmed  "the  idea  of  a  single  announcement  and  a  uniform  adoption 
date  for  any  device  which  the  industry  may  decide  to  use  for  smog  control." 
(GJ  Ex.  339). 

“2.  Grand  Jury  Exhibit  345,  December  3,  1962  (Tr.  Vol.  XX,  pp.  105-10;i), 
reads  in  part  as  follows : 

“  'The  Engineering  Advisory  Committee  is  in  complete  agreement  with  l)oth 
the  public  Kelations  Committee  and  the  Vehicle  Combustion  Products  Commit¬ 
tee  with  regard  to  the  need  for  more  and  better  publicity  about  industry  activi¬ 
ties  in  the  air  pollution  field. 

“  ‘The  Engineering  Advisory  Committee  does,  however,  share  the  concern 
of  the  Vehicle  Combustion  Products  Committee  regarding  the  dangers  of  ill- 
considered  unilateral  publicity.  The  EAC  recommends,  therefore,  that  the  pro¬ 
posal  for  increased  publicity  by  the  Individual  companies,  as  well  as  by  the 
Automobile  Manufacturers  Association,  be  approved  with  the  proviso  that  such 
releases  concern  only  “activities”  apd  that  releases  concerning  specific  "solu¬ 
tions”  be  issued  by  AMA. 

“  ‘It  is  essential  that  all  releases  be  coordinated  through  AMA  and  that  pro¬ 
cedures  be  established  to  handle  such  coordination  expeditloosly.’ 

“3.  Mr.  Scherer’s  testimony  on  this  subject  was  in  part  as  follows  (Tr.  A’oL 
XX,  pp.  76-T7) : 
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••  ‘Q.  The  matter  of  publicity,  is  It  your  understanding  that  by  the  terms 
of  the  cooperative  arrangement  in  the  industry  with  respect  to  motor  vehicle 
air  pollution  control  equipment,  that  no  one  company  would  advertise  or  pub¬ 
licise  the  merits  of  its  equipment,  vis-a-vis  other  companies  in  the  field? 

“  ‘A.  That  was  my  understanding  of  their  Intention,  yes.’ 

“4.  An  Interdepartmental  letter  of  American  Motors  dated  November  28, 
1962.  reads  in  part  as  follows ; 

Tn  tlje  area  of  press  releases  there  has  been  a  tacit  understanding,  if  not 
a  written  policy,  that  alt  Individual  company  press  releases  will  be  reviewetl 
by  tile  AMA  Public  Relations  Committee  and  tlie  VCP.  Ford  has  been  tiie  only 
flagrant  violator  of  this  iwllcy,  since  on  two  occasions  they  have  issued  releases 
tliat  caught  the  rest  of  the  industry  by  surpri.se  (announcement  of  vanadium 
pentoxide  exhaust  catalyst  in  1957,  and  blowby  control  system  in  1962). 

'•  ‘The  current  .\MA  Puldic  Relations  Committee  recommendation  to  the  Kugl- 
neering  Advisory  Committee,  which  was  initiate<l  by  G.M.  is  somewhat  difficult 
to  understand.  It  has  l»ecn  .siiggeste<l  that  it  is  a  “veiled  threat”  to  Chrysler 
because  of  that  comi.-any’s  success  (and  ndated  imhlicity)  in  making  their  cars 
m(‘et  the  California  standard  for  exhaust  emi.ssions  without  an  exhaust  treating 
device.  The  proiionents  of  this  approach  .sa.v  that  (J.M..  liecanse  of  their  over¬ 
whelming  dominance  in  the  field  of  smog  research  (see  attached  sheet  for 
relative  air  pollution  budgets  of  AMA  member  companies),  are  saying  to  Chrysler. 
"Slow  down  on  this  approach  and  don't  break  the  industry  front  or  we  will 
completely  submerge  .vou,  publicity-wise”.'  (GJ  Ex.  ;542). 

”5.  .Mr.  Vail  Derveer  testified  as  follows  conceminv-  a  1957  publicity  release 
by  the  Ford  Motor  Compan.v  (Tr.  Vol.  XXXXV  pp.  46,  r  hi)  ; 

“  'Q.  So,  Ford  Issued  a  publicity  statement  on  the  vanadium  pentoxide  device, 
and  it  aclii(>ved  nationwide  recognition. 

“  'A.  Yes. 

“  'Q.  And  it  was  a  device?  A  prototyjie device  had  been  developed? 

“  'A.  Y'es. 

'•  •().  Tested  on  cars. 

"  ‘A,  Y'es.  Xot  very  extensively,  but,  yes. 

“  'Q.  And  then  there  was  some  unhappiness  in  the  industry  over  Ford’s 
publicity? 

••  'A.  Correct. 

“  'Q.  Now,  who  was  tlie  source  of  the  unhappiness? 

”  Well.  Heineu  was  probably  the  most  vocal  on  the  thing. 

"  'Q.  All  right.  What  did  Heinen  say? 

“  'A.  .  .  .  Well,  he  said  lots  of  things,  actually.  But,  more  or  less  of  a  breach 
of  a  promise ;  the  fact  that  this  put  Ford  in  a  lot  lietter  light.  And  just  tlie 
fact  that  tlie  compan.v  was  getting  nation-wide  attention  for  sometiiing.  tlie 
other  people  were  working  equally  hard  on  other  things  and  they  weren’t  getting 
any  publicity.  That  sort  of  thing. 

Was  there  a  little  feeling  that  Ford  was  reaping  too  much  advantage 
out  of  its  pulilicity.  and,  therefore,  Ford  should  not  have  issued  tlie  publicity 
statement? 

“  'A.  Well,  that  was  certainly  part  of  it. 

*«*••** 

“  ‘Q.  So.  there  was  an  attempt  to  dampen  the  ]iublicity  that  was  issued  a 
little  while  tiefore. 

“  It  wasn't  actually  a  retraction.  I  guess. 

“  'Q.  Not  a  retraction,  but  an  attempt  to  dampen  down  the  publicity. 

'\.  As  I  remember,  yes. 

“  ‘Q.  What  was  the  impetus  of  Ford  to  dampen  down  the  publicity ;  Was  it 
liecausc  Heinen  was  disturbed  about  this? 

“  ‘A.  I  am  .sure  it  was  Heinen  and  General  Ylotors  being  disturbed,  too.  I  am 
sure  General  Motors  had  an  opinion  on  it.  I  never  heard  it  expressed  par¬ 
ticularly.’  ” 

B.  As  to  the  agreement  for  the  adoption  of  a  uniform  date  for  announcement 
of  the  discovery  of  a  device : 

“I.  In  an  interofllce  memorandum  from  R.  J.  TempUn,  Cadillac  Motor  Car 
Divi.sion,  to  J.  H.  Lamb,  also  of  GM,  dated  October  6,  1959,  Mr.  Templin  stated  : 

“  ‘Plca.se  note  that  we  are  bound  by  an  agreement  through  Mr.  C.  A.  CHiayne 
with  the  Automobile  Manufacturers  Association  to  withhold  any  public  knowledge 
about  these  devices  until  a  joint  industry  announcement  can  be  made  through 
AMA.  These  devices  must,  therefore,  be  treated  as  confidential.’  (GJ  Ex.  499). 
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"2.  Mr.  Si'luM'cr's  testimony  oil  tliis  iioiiit  was  in  part  as  follows  iTr,  \’ol. 
XXII.  pp.  4tt-r)())  : 

" ‘Q.  Have  they  al.so  liail  the  uiulerstamliii?:  to  adopt  a  uniform  date  for  the 
aunoiineeiiient  of  the  diseovery  of  any  air  |H>liiitioii  eoiitrol  device? 

"  ‘A.  I  would  .say  tliat’s  the  way  the  program  lias  o|H‘rated,  yes.' 

•‘.'1.  Mr.  Scherer  further  testified  (Tr.  Vol.  XX,  pp.  75-715)  ; 

****!*  i|c  >it 

“‘Now,  tliafs  a  fact,  isn't  it.  that  ilie  industry,  from  that  point  on  [.Ian.  Id. 
I!l5,s|,  iijis  imhlieized  a  uniform  adoption  date  for  aii.v  device  tliaf  i.s  lUddueed 
in  this  lield  ? 

"  'A.  You  are  asking  me? 

■■  'Q.  Yi's,  I  am  asking  yon. 

•'■A.  Tliat's  correct.  There  is  one  tiling  to  lie  said  for  that  type  (■;'  thing: 
Uemeinher  that  tliere  were  .some  of  the  participants  in  the  piogrc.m  who  may 
not  have  been  (inite  ready  to  go  aliead  witli  the  ado]ilion  of  the  device  .is  far 
as  their  own  testing  and  kiiouhslge  is  eoneerned.  'I  liev  wi  re  pres-.ed  into  going 
ahe.iil  \\’ith  it.  mneli  alusad.  perhaps,  of  tin*  iiaie  tiiat  iingv  were  read.v. 

'■  ’Ye.s,  and  if  the.v  weren't  renil.v,  tlie.v  iiia.v  also  liave  waited  until — 

"  'A.  If  they  wen-  read.v? 

■■  Q,  Tile  others  could  wait - 

'■  'A.  That's  iio.ssihle. 

■■■ft.  — tintil  the  dtvie,'  u.is  re.idy  until  evcrvliodv  eoiilil  imt  it  on  til  :h  .same 
time? 

■■  '.X.  That's  [lossihle.  So,  it  works  liotli  wa.vs. 

"  Q.  Hut.  there  is  no  doiilit  aliont  i;  Unit  the  policy  has  heeii  e.ic.^isieal  and 
lliiil  it  is  right  up  to  this  date,  that  no  device  Inis  hei  it  ii.l.n;.  ,!  !.y  any  on(“ 
company  on  its  own:  tlial  tliey  till  did  it  ttf  a  uniform  adoiniou  date:  they  till 
put  it  on  at  the  same  time?  Is  (Imt  correct,  sir? 

■•  '.V.  I  helieve  tlnit's  correct.'  " 

( '.  As  to  tile  agreement  to  install  devices  onl.v  on  tin  agreed  dtite : 

"1.  Testimony  hy  Mr.  Scherer  on  this  suliject  wtis  in  pert  ti-  f.  llows  I'l'r. 
Vol.  XXI,  p.  tW)  : 

■().  Is  this  kind  of  lielmvior  on  tin*  pjiit  of  tlie  individual  cm.ijianies  tin” 
rcsnii  of  an  agreement  among  all  of  tiieni  to  adopt  devices  at  a  nnifoiia  date, 
and  tlmt  one  company  would  not  go  ahead  with  the  device  unless  till  of  Hie 
otiii'r  comptinies  were  in  tlie  position  to  go  ahead  witli  the  device? 

"  'A.  We  did  note  in  Hie  rieord  fliai  tliere  was  sneli  an  iiiuhasianding  among 
the  companies,  yes,' 

-2.  .Minutes  of  the  K.\.C  meeting,  dated  May  17,  1002.  read  in  luirt  its  follows: 

“  'C  .MFOn.M  .MlOCi  roN  .X.NI)  .V.NXOl  ycKME.X  r  OF  soi  l  Tio.NS 

•'  'At  this  point  Mr.  Ciiphui  read  the  rest  of  his  reiiort  and  raised  for  discussion 
file  jirohlenis  that  Imd  ari.sen  as  a  result  of  imlilicity  and  Hie  snpiilying  of  some 
efpii)mieiit  for  engine  modi  lien  tion  to  J,os  Airgeles  ('taiiity  ofli-iiils  inior  to  its 
heing  snpiilied  to  the  State  Hoard.  This  had  r(*sult(‘d  in  a  letter  from  tli"  I'onnty 
Hoiird  of  Supervisors,  wliii  li  lias  lieen  iiekiiowledged  lint  not  yet  answered,  nrciii 
.\M.\  action  by  .",11  of  Hie  itntomoliile  eompaiiies  to  engigge  in  a  similar  modiii- 
eation  lirograin.  Jlr.  Islirandt  suggested  tlmt  tlie  Imiidling  of  Hiese  prold;  nis 
required  simply  tiiat  all  of  tlie  jiartieipants  lie  eognizanf  of  tlie  resiiensiliilii  ies 
already  outlined  and  understood  in  tlie  MAC  and  M'l’  activity.'  "  i  .Memoraminm 
Ki'iiort,  EA(t  Meeting,  dated  Jiay  17.  ]'.Mi2 :  C.I  Kx.  ;!7!i  i. 

Tims  we  liave  seen  tlmt  the  non-conipetitive  industry  iirognim  was  not  limited 
to  rescarcli  and  development  imt  eneompa.s.sed  jiromotion,  installation,  and  mar¬ 
keting.  On  tills  .score  Jlr.  Van  Derveer  testified  (Tr.  Vol.  XXXXl'I.  iqi.  .■il~."i."ii  : 

“Q.  .Mr.  Van  Derveer,  this  non-eonipetitive  industry  jirogram  eoneerned  not  only 
Hie  research  and  development  Imt  also  tlie  iii.stalliitioii  and  niarlieriiig  of  devices, 
(iid  it  not? 

“A.  Well,  what  do  you  mean  liy  devices?  You  are  talking  aliont - 

“().  Devices  or  systems,  any  kind  of  motor  veliicle  air  poilntion  contnil  eipiip- 
ment  what.soever. 

‘■A.  It  was  all  coordinated  throngli  the  AMA,  yes. 

“<J.  .Ml  aspects  of  any  company  activity  in  tliis  area? 

“A.  Yes." 
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POSITIVE  crankcase  DEITCE  (BLOW-BY) 

A  GM  documeut  disclosed  that  tlie  AMA  asked  all  car  manufacturers  ou  June 
1,  11)61.  to  give  all  tlie  reasons  that  could  bedeveloited  us  to  why  comidiance  uifli 
a  Congressiouul  request  that  positive  crankcase  ventilation  (pev)  be  made  stand¬ 
ard  equipment  on  all  cars  would  not  be  desirable.  "It  must  be  recognized  that 
they  are  sj)eelficall.v  looking  for  problems  that  will  justify  a  negative  decision.'' 
commenteil  G.  R.  Fitzgerald,  a  GM  engineer.  (GJ  Ex.  504).  After  the  successful 
installation  of  the  pev  valve  in  California  by  all  companies  on  1961  nuKlels,  a  deci¬ 
sion  was  made  not  to  Install  the  device  on  all  1962  models  nationally.  Mr.  V'an 
Derveer  testihed  that  “the  board  of  directors,  of  course,  are  the  ones  that  had  to 
make  that  decision."  (Tr.  Vol.  XXXXV’.  pp.  71-76.)  A  jioll  or  vote  was  taken 
at  a  meeting  of  the  AMA  Crankcase  Ventilation  Task  Group  of  the  7C1’  on 
January  26.  1961.  (GJ  Ex.  5160  and  442.)  Although  Studebaker-l'ackard  and 
American  Motors  "agreed  to  the  release  of  iiositive  crankcase  ventilation  for  all 
1962  cars."  none  of  the  comimnies  did  so.  in  accordance  with  the  industry  agree¬ 
ment.*  (Tr.  Vol.  XXI,  pp.  33-33;  Tr.  Vol.  XXII,  pp.  49-50;  Tr.  Vol.  XXIX,  pp 
107-110,  130-133 ;  GJ  Ex.  360  and  442.) 

All  GM  divisions  could  have  supplied  the  internal  crankcase  device  as  standard 
e(iuii)ment  for  1962,  if  requested  to  do  .so.  II.  F.  Barr,  then  Chief  Engineer  of 
t'lievrolet.  writing  to  C.  Cha.vne,  then  Engineer  V.  1’.  of  GM.  said  in  part : 

"Would  all  GM  Divisions  he  in  a  iiosifion  to  sup,  internal  crankcase  ventila¬ 

tion  as  standard  e<iulpmeut  for  1962  protluctionV 

"(Answer)  We  could  if  it  was  a  mandatory  GM  policy,  but  we  would  not  will¬ 
ingly  do  so.”  (GJ  Ex.  474). 

Similarly,  in  a  memorandum  of  the  Ford  Motor  Company  dated  January  10. 
1961,  James  M.  Chandler  wrote: 

“I  have  recently  checked  with  John  Asselstine  of  Engine  and  Foundry  reganl- 
ing  engineering  release  of  positive  crankea.se  ventilation  devices  for  nation-wide 
a|i{iliL*arion.  Jlr.  As.selstine  informs  me  that  inasmuch  ns  those  devices  have  been 
released,  nation  wide,  as  a  regular  production  option  for  liHll  automobiles  he 
sees  no  reason  why  they  could  not  l»e  applied  on  all  production  in  1962.  He  also 
feels  that  we  would  be  in  a  iiosition  to  release  the  crankcase  device  nation-witle 
on  all  commercial  vehicles  for  1962.”  (GJ  Ex.  454). 

As  far  as  International  Harvester  was  concernetl.  a  September  26,  1961  letter 
from  S.  G.  Johnson  of  International  Harvester  to  W.  F.  .Sherman  of  AJIA  states 
in  (lertinent  part : 

"H.  International  Harvester  is  in  (tosition  to  comply  with  blowby  devices  on 
all  motor  truck  models  at  any  date  deeinetl  advisable  by  AMA.  (GJ  Ex.  .364). 

As  a  matter  of  fac-t,  the  device  could  have  been  installed  on  1961  mf)dels  ; 

"The  main  reason  that  the  motor  vehicle  indu.stry  did  not  voluntarily  under¬ 
take  to  supply  internal  venting  throughout  the  country  on  all  its  new  gasoline- 
imweretl  vehicles,  starting  with  the  1961  models,  was  that  a  need  had  been  estab¬ 
lished  in  C.alifornia  which  has  not  been  e.stablished  elsewhere."  (Rough  Draft 
of  paper  presented  at  ECS-APCA  Meeting,  by  James  .M.  Cbandicr.  Chairman. 
VCI’-AJIA.  entitled  "Current  Status  and  Future  Work  on  Vehicle  Emission  Con¬ 
trol  Device.s,"  undated  (G.I  Ex.  .381) ). 

.\s  a  result  of  this  thinking,  an  interdepartmental  letter  of  American  Motors 
from  its  V(T’  member,  Raljih  II.  Isbrandt.  date<l  December  7.  1961,  indicates 
that  the  AM.V  Board  of  Directors  as  early  as  December.  1961  determined  and 
agreed  that  the  device  should  be  installed  not  one  year  later,  in  1962,  but  two 
.vears  later,  iu  1903  : 

"At  the  AMA  Board  of  Directors  meeting,  held  Dwember  6, 1961.  it  was  agreed 
that  the  Industry  would  include  Positive  Crankcase  A'entilation  devices  as  stand¬ 
ard  equipment  ou  all  lfK>3  model  car.s.”  (G.T  Ex.  550). 

An  attempt  was  even  made  to  delay  national  installation  on  190.3  models.  (Tr. 
Vol.  XXX,  pp.  27-32;  GJ  Ex.  373).  Robert  .T.  Templin,  Asst.  Chief  Engineer. 
Cadillac  Motor  Car  Division.  G.M.  wrote  on  September  25,  1961  :  "To  sum  it  up, 
there  is  nothing  to  prevent  our  going  to  po.sltive  crankcase  ventilation  as  standai'd 
<‘ciuipment  for  1963.  if  policy  dictates  it.  Our  lives  will  be  less  troubled,  however, 
if  we  don’t  do  it.”  (Tr.  Vol.  XXXVII.  p.  7;  G.T  Ex.  .509).  This  time,  however,  the 
pre.ssure  of  public  officials  forced  the  issue.  A  memorandum  by  W.  F.  Sherman  of 
AMA  to  the  EAC,  dated  May  25,  1961  reads  in  part  as  follows; 
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“The  V.S.  niitomobile  iiulustry  has  Im-n  asked  to  helj>  protect  the  puhlic  health 
hy  iastalliuK  •on  your  own  initiative’  a  device  in  all  new  cars  which  destroys 
crankcase  fumes. 

“Sen.  Munrine  XeulierKer.  (1>.  Org.)  made  the  reijuest  in  a  ietter  .sent  Monday 
to  14  manufacturers  of  cars  and  trucks.  She  suggested  that  in  the  event  tlie 
automobile  industry  failed  to  .seize  the  initiative,  it  would  be  subject  to  ‘resp<in- 
sihle  legislation  to  i>rohibit  tlie  transportation  in  interstate  commerce  of  vehicles 
wiliout  the  2)rotective  device.’ 

"Sen.  Neuberger  notetl  that  the  Automobile  Manufacturers  Association  had  re¬ 
jected  a  request  by  the  Secretary  of  Health.  Education  and  Welfare  that  tlie  in¬ 
dustry  install  at  the  factory  a  device  which  destroys  crankca.se  fumes,  a  factor  in 
air  iKdlution  along  with  auto  exhaust  fumes.”  (G.I  Ex.  365). 

A  similar  memorandum  for  use  by  Mr.  Sherman  at  tlie  EAC  meeting  of  Ma.v 
ilo.  1961.  also  reads  in  jiart  as  follows: 

"Sinc«‘  all  of  the  companies  are  iiresumably  receiving  a  letter  from  Sen.  Xeu- 
berger.  I  have  a  siiecitic  suggestion  to  make.  First.  I  would  suggest  that  as  in  the 
re<'ent  past  with  similar  letters,  be  referred  to  AMA  for  a  reply. 

*••*•** 

“Three,  I  believe  it  is  very  much  in  the  interest  of  the  indusrty  to  take  the 
initiative  before  it  is  imshed  further  on  this  matter  and  that  the  Engineering 
Advisory  Committet'  should  therefore  recommend  to  the  Hoard  of  Directors  at 
their  meeting  on  June  15  that  a  public  statement  lie  issued  saying  that  inasmuch 
as  service  experience  has  jirovtal  to  be  at  least  reasonably  satisfactory,  it  is 
being  recommended  to  all  member  companies  that  as  their  tooling  and  manufai-- 
turing  iiermits.  they  proc-eed  to  apply  the  device  to  all  vehicles  for  sale  in  all 
parts  of  the  United  States. 

"If  this  action  is  not  taken  by  the  industry,  it  seems  certain  that  there  will  be 
Federal  legislation. 

‘■It  also  seems  to  me  that  the  ot>portunit.v  provided  in  this  instance  to  make  a 
very  big  distinction  between  these  inexpensive  devices  and  exhaust  control  de¬ 
vices  for  tise  in  California,  which  are  more  expensive  and  which  are  applicable 
primarily  to  the  photo<*henitcal  smog  problem,  might  be  utilized  to  i)osition  the 
Industry  for  the  future,  although  we  certainly  can’t  ignore  the  possibility  that 
similar  pressures  will  arise  w  ith  regard  to  any  umttler  devices  that  are  adoi)ted 
at  a  later  date  in  Califoniia.”  (OJ  Ex.  366). 

As  a  result  of  this  pressure,  the  attempt  to  delay  installation  of  the  device  until 
at  least  1964  failed,  and  the  companies  agreed  and  did  install  the  pcv  valve  on 
al!  1963  models  nationally.  (Tr.  Vol.  XXXXV,  pi>.  24-’J5).  The  same  valve  that  was 
installe<l  on  all  1961  mwlebs  in  California  was  used  nationally  on  1963  models, 
indicating  that  bar  the  industry  agreement,  the  device  could  certainly  have  been 
installed  nationally  at  lea.st  on  1962  models.  (Tr.  Vol.  XXXXII,  i)p.  101-102). 

CLOSED  CR.VXKCASE  DEVICE 

After  the  installation  of  tlie  pcv  valve,  it  was  discovered  that  the  slight  remain¬ 
ing  emission  of  pollutants  from  the  crankcase  could  be  eliminated  by  piping  it  into 
the  air  cleaner  where  it  would  be  comjdetel.v  dissijmted.  As  a  result  the  Motor 
Veliicle  Pollution  Control  Board  ( MVPCB)  of  California  a<lopte<l  an  amended  test 
lirocetlure  on  December  IS,  1962  which  could  onl.v  be  met  by  the  installation  of 
tile  closed  type  system.  Xew  York  State  officials,  t<K>.  wanted  a  closed  system. 
The  EAC  reviewed  both  the  California  and  Xew  York  situations  and  readied  the 
conclusion  on  March  1.  1063  “that  the  industry  definitely  does  not  want  to  be 
forced  into  putting  the  new  systems  [closed  blow-by  on  Xew  York  cars  for 
1963  and  1964.”  (Tr.  Vol.  XXXVI.  i>.  151).  Since  it  seemed  doubtful  that  Xew 
York  would  accept  le.ss  than  California  for  a  crankcase  device  performance,  the 
EAC  decided  that  California  was  tiie  place  to  take  a  firm  stand  against  the  new 
higher  cajiacit.v  systems.  To  enforce  their  iiosition,  the  EAC  asketl  each  member 
company  to  provide  technical  information  to  show  why  it  was  impractical  to 
install  high-capacity  devices  for  the  years  1963  and  1964,  (G.I  Ex.  507).  The 
Committee  was  delegated  by  Mr.  Chayne,  Oil’s  vice  president  in  charge  of  engin¬ 
eering,  to  prepare  a  specific  list  of  technicai  problems  which  miglit  prevent  General 
Motors  Car  Divisions  from  supplying  crankcase  ventilation  systems  on  the  1964 
models  which  would  meet  the  new  high  flow  requirements  and  still  be  reliable  in 
all  respects.  (Tr.  Vol.  XXXVI,  pp.  149152:  GJ  Ex.  507).  (Cf.  G.T  Ex.  457,  a  Ford 
document,  which  reads  in  part :  “In  March  we  told  California  we  .  .  .  questionetl 
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our  .  .  .  readiness  for  closed  systems.  Early  application  for  certificntioii  ri>y 
Chrysler]  would  east  doubt.” 

In  an  Interojfflce  memo,  H.  P.  Barr,  GM’s  member  ou  the  EAC,  on  March  I’K, 
1963,  wrote  in  part : 

“I  have  recently  had  a  call  from  Mr.  Paul  Ackerman  of  Chrysler  which  indi¬ 
cates  they  are  pulling  back  their  1964  start  of  production  releases  and  will  release 
later,  effective  January  1,  1964,  if  required  at  that  time  by  the  Ciilitbriiia  law. 
We  are,  of  course,  all  hopeful  that  this  will  lie  further  extended  to  start  of 
production  of  1965  models  before  time  for  this  action  arrives. 

‘■It  i.s  therefore  quite  important  that  no  General  Motors  Division  niaUe  any 
changes  in  their  1963  releases  for  start  of  1964  model  year  pnx’.nciinn.  Since 
changes  would  jeopanllze  the  industry  (losilion  that  is  being  taken  with  the  Air 
Pollution  Board  of  California.”  (G.T  Ex.  47.''). 

In  an  intra  company  memo.  Kobert  Sorenson  of  Ciirysler  inforiiicd  1’.  C. 
Ackerman,  its  EAC  member,  on  .lanuary  11, 1963,  in  ))art  as  follows  ; 

"Attached  is  a  letter  received  from  Ben  .Tensen.  Executive  Oflicer.  C.ilifornia 
Motor  Vehicle  Pollution  Control  Board  officially  advising  us  of  the  .n  tion  of 
December  I.S,  1962  meeting  of  the  board,  llis  letter  indicates  tlial  tv.i  closed 
crankcase  system  devices  were  approved  for  both  factory  and  used  veliiclcs  .  .  . 

‘‘AMA  staff  was  not  favorable  to  an  immediate  apiiroacli  and  Hiirry  W'llianis 
has  taken  tlm  matter  over  personally.  I  understand  tliat  he  wili  dis-.-nss  it  wiili 
-some  of  the  CalltVprnia  Motor  Vehicle  I’ollutitui  Ciaitrnl  Ibierd  me-, oyers  :i(  a 
pre-estahlislietl  meeting  early  in  Felpruary. 

"Because  of  Chrysler’s  commitment  to  handle  this  on  an  industry  basis,  thci-e 
appears  to  lie  notbing  furtlier  we  tan  d<)  on  tiiis  matter  at  this  linai  on  a 
Cliry.sler  only  liasis.”  (G.I  Ex.  446). 

In  an  interdepartinent  letter  from  Van  Derveer  to  Ishninilt.  also  .\mcric.iii 
Motors  EAC  member,  dated  April  29,  1963,  American  Motors’  (lositiou  is  stated 
a.s  fo!low,s : 

“It  is  the  writer's  and  C,  Ilarbea’s  opinion  tliat  for  our  1964  prodncl  ion  ■.>. c  bare 
no  otlier  choice  liut  to  comply  with  Xew  York's  criteria  l>>  eitlier  the  in-ocMhire  .just 
outlined  or  by  installing  the  'closed’  system  hardware  th-.tt  is  released  for  Cali- 
foriUH  production  eonimeucing  January  2,  1964,  However,  if  we  rcie.asi'  tin*  ’64 
California'fiz’  for  car  one  1964  Xew  Y’ork  State  production,  we  will  vn:i  afiml  of 
the  A.M.A,  policy  on  this  matter,  and  as  you  are  aware  various  imiustry  repre¬ 
sentatives  feel  quite  strongly  that  industry  solidarity  is  a  must  on  tliis  matte"" 
(G.T  Ex.  55.S). 

However,  the  industry's  attempt  to  delay  the  installation  of  t!;o  cl.iseil  lilow  liv 
device  to  the  start  of  production  of  1965  models  failed  since  tlse  Ml'PCB  forced  tlie 
Installation  of  the  closed  lilow-hy  system  as  of  January  1.  19(m.  I'l'r.  Voi.  XXI, 
pp.  6,'^7.3:  Tr.  Vol.  XXXVI.  iip.  1.5.5-1.57.  G.T  Ex  .Yit:!).  AMA's  iiositi.m  at  flii‘ 
meetiug  of  the  MVPCB.  in  regard  to  this  matter,  is  imlicattai  in  tlie  following 
GM  interoffice  memo  date<l  January  24, 1963.  as  f.ollows : 

“At  the  December  meeting,  the  Board  decided  to  reipiire  ‘closed'  tyjie  i-raidccas  ' 
devices  on  new  ears  Ireginning  v  ’th  the  1964  model  year.  George  Delaney,  repre¬ 
senting  tlie  AMA  strongly  objected  to  the  Bo.ard’s  action.  According  to  reports. 
Delaney  claimed  that  the  manufacturers  had  already  firmed  their  1964  designs  and 
elianges  could  not  he  made  to  meet  the  deadline. 

“According  to  nimnrs,  the  AMA  was  so  incensed  at  tlie  Board'.s  action,  they 
resolved  to  boycott  future  nieeting.s.  and  since  the  AM.4  w.ts  not  represented  at 
the  .Tnnuary  17  meeting,  a  proposal  was  adopted  whicli  may  he  costly  to  the 
industry.  Of  course,  the  action  might  have  been  taken  whetlier  or  not  tlie  .\M.V 
was  represented,  but  the  Board  didn’t  even  have  the  benefit  of  licaring  tlie 
industry’s  objection.s.”  ( G.T  Ex.  376). 

As  to  the  ability  of  the  auto  companies  to  Install  a  closed  hlow-hy  system  on 
their  cars,  our  expert,  Wallace  IJnville,  testified  : 

“Q.  Is  there  any  reason  why  that  couldn’t  have  been  done  by  tlie  industry 
prior  to  1964? 

“A.  Xo.  It  Is  similar  to  a  system  that  you  find  and  have  found  for  years  on 
riarticnlarly  dump  trucks  where  they  are  operatiing  in  very  dirty  areas,  and 
again  on  the  army  equipment  that  we  mentioned  in  the  second  World  War.  where 
they  are  running  in  convoy,  the  vehicles  following  the  first  vehicle  are  operating 
in  very  dusty  terain,  and  as  a  result  of  this  they  have  had  the  system  closed 
liy  means  of  this  tube  to  the  air  cleaner  for  a  good  number  of  years,  so  I  .see 
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uo  reason  why  this-ahould  have  offered  a  sulietantial  or  major  problem  at  ail.” 
(Tr.  Vol.  XXXXI.  p.  25). 

Errol  J.  Gay  a  consultant  for  TRW  and  oUiers,  and  an  apologist  for  the 
auto  industry,  when  asked  the  same  question  tesUfled : 

“A.  Hell,  they  could  have  done  it  prior  to  1938,  if  necessary.”  (Tr.  Vol.  LVII, 
p.  73). 

EXHAUST  DEVICES 

B.r  Culiforuta  statute  passed  in  December,  1959,  all  automobile  manufacturers 
were  required  within  one  year  following  certiiication  of  any  two  motor  vehicle 
air  pollution  control  devices  to  affix  an  air  pollution  control  device  on  all  cars 
sold. 

Clirysler  Corporation  developed  its  Cleaner  Air  Package  (CAP),  perhaps  as 
early  as  1900,  (Tr.  Vol.  XXIX,  pp.  18-19,  30).  In  a  memo  dated  October  5,  1961, 
D.  E.  Diggs  of  E.  I.  Du  Pont,  reported  : 

"1  asked  Heiiien  why  Chrysler  did  not  seek  California  certification  of  their 
vehicles  without  devices  if  they  are  as  good  as  he  says  they  can  be  made.  While 
admitting  that  favorable  publicity  would  result,  he  was  very  forceful  in  telling 
me  that  if  this  was  done  Chrysler  would  be  severely  cliastised  by  the  rest  of 
the  industry.  He  reminded  me  that  the  AMA  agreement  says  no  one  company 
will  gain  any  competitive  advantage  because  of  smog,  and  that  Chrysler  was  a 
relatively  small  cog  in  the  industry.  He  indicated  Ford  and  GM  were  calling 
the  shots  and  Implied  that  Chayne  was  the  industry  mastermind.”  (GJ  Ex.  1<S3). 

The  CAP  system  consisted  of  a  valve  (part  of  which  was  patented)  and 
adjustments  of  the  carburetor,  distributor  and  spark  timing.  Several  technical 
iwpers  on  the  subject  were  written  by  Chrysler  employees,  Heinen  and  Fagley. 
and  published  by  SAE.  (Tr.  Vol.  XXX,  pp.  105,  120-23.)  Despite  an  understand¬ 
ing  among  AJIA  members  to  deal  only  with  the  California  Motor  Vehicle  Pollu¬ 
tion  Control  Board  and  not  with  the  Los  Angeles  Pollution  Control  District 
and  its  then  executive  officer,  S.  Smith  Griswold,  Mr.  Heinen  dealt  with 
Mr.  Griswold,  api^ied  for  state  certification  of  the  CAP,  installed  the  device  on 
100  cars  as  a  test,  and  agreed  to  fulfill  specifications  contained  in  Los  Angeles 
County  car  purchasing  invitations  for  devices  which  would  control  exhaust 
pollution  to  the  extent  of  emitting  no  more  than  300  ppm  of  hydrocarbons  and 
l.r>%  of  cnrhon  monoxide.  (Tr.  Vol.  XXIX,  p.  119.) 

In  early  1964,  Chrysler  began  to  deliver  cars  to  the  County  of  Los  Angeles 
with  tlie  CAP  system  affixed.  All  told  about  1,000  cars  were  delivered  in  1964 
with  that  system.  (Tr.  Vol.  XXIX.  p.  1^).)  The  fact  that  Chry.sler  got  the  order 
to  supply  cars  for  Los  Angeles  County  in  1964  was  resented  by  the  rest  of 
the  industry  a.s  a  breach  of  the  industry  agreement  and  great  effort  was  made 
to  briug  Chrysler  back  into  the  fold,  which  was  .successful  as  will  be  hereinafter 
shown.  (Tr.  Vol.  XXX,  pp.  130,  140--il ;  GJ  Ex.  183.  226.)  The  result  of  Chrysler’s 
action  in  supplying  1964  cars  to  the  county  resulted  in  Ford,  too,  offering  cars 
equipiied  with  an  exhaust  device  to  the  county  in  1965  which  controlled  emissions 
to  the  required  degree.’ 

By  tlie  end  of  1963  and  early  in  1964,  it  was  quite  apparent  that  the  California 
Motor  Veliicle  Pollution  Control  Board  (which  required  that  emissions  lie  limited 
to  275  ppm  of  hydrocarbons  and  1%%  CO)  would  certify  at  least  two  devices 
being  produced  by  Independent  (not  automobile)  manufacturers  thereby  trigger¬ 
ing  the  law  and  compelling  the  installation  of  air  pollution  exhaust  control 
devices  on  all  1966  models  offered  for  sale  in  California  in  late  1965.  (Tr.  Vol. 
XXXVII.  pp.  33-37  ;  GJ  Ex.  402). 

Every  effort  was  thereupon  made  by  the  industry  members  o-f  AMA  to  delay 
the  Installation  of  such  devices  at  least  until  1967.  (GJ  Ex.  339,  ^5).  A  mem¬ 
orandum  dated  March  9,  1964,  from  William  Sherman  of  the  AMA  staff  (Secre- 
tary-EAC  Committee)  to  his  superior  Mr.  Harry  Williams,  Managing  Director 
of  the  .\MA,  reads  in  part : 

“While  we  certainly  have  the  objective  of  holding  the  line  until  1967  models, 
we  know  tliat  the  stated  pnrpo.se  of  the  California  MVPCB  is  to  approve  two 
catalytic  devices  in  the  next  few  months  and  trigger  the  law  so  it  will  apply 
to  19W  models. 

“It  semes  to  me  that  we  would  be  exercising  very  poor  judgment  if  we  sug¬ 
gested  or  implied  that  we  wanted  them  to  hold  cff  the  triggering  of  the  law,  or 
to  let  ourselves  get  into  any  controversial  pisitlon  about  if. 

“ff  Ihey  (to  act  in  the  near  future  to  approve  the  catalytic  devices,  our  com¬ 
panies  would  probably  have  to  take  the  imsitlon,  anyhow,  that  there  is  not 
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enough  engineering  time  to  lit  the  catalytic  conrertere  nnder  the  tramea  and 
chassis  of  cars  in  time  to  meet  the  schedule  of  1966  model  production  and  there 
would  be  a  strong  likelihood  of  various  delays  until  1967  Introductions. 

“It  would  be  very  much  to  our  advantage  to  avoid  this  topic — shrug  it  off  or 
Ignore  It — for  a  month  or  two.  In  the  Interim  a  lot  of  things  might  change  in 
tlie  picture,  including  even  the  withdrawal  of  the  catalytic  devices  now  on  tests 
when  the  submitters  analyze  the  future  possibilities  for  themselves. 

"Thus  the  problem  will  have  some  tendency  ‘to  go  away’  if  we  don't  aggravate 
discussion  of  it  at  this  time."  (GJ  Ex.  402;  Tr.  Vol.  XXII,  pp  14-15). 

On  March  10,  1964,  prior  to  any  certification  of  third  party  devices  by  the 
MVPCB  but  in  anticipation  that  such  certification  was  imminent,  the  AMA 
issued  a  carefully  worded  press  release  announcing  “that  member  comi>anies 
have  set  a  target  date  of  the  fall  of  1966  in  their  programs  to  make  1967  model 
automobiles  and  passenger  car-like  trucks  for  sale  in  California  comply  witli 
the  state's  motor  vehicle  emissions  standards.”  (GJ  Ex.  407). 

The  EAC  at  a  meeting  on  January  17,  1964,  had  adopted  the  following  resolu¬ 
tion  ; 

‘•Members  of  the  Engineering  Advisory  Committee  resolve  that  as  engineer¬ 
ing  representatives  of  the  member  companies  of  AMA  they  adopt  the  goal  that 
starting  with  1967  models,  all  American-built  passenger  cars  and  passenger 
car-like  trucks  to  be  sold  in  California  meet  the  Califoniia  Exhaust  Standard 
of  275  ppm  hydrocarbon  and  1%  per  cent  CO ;  further,  the  Engineering  Advisor.v 
Committee  will  report  to  the  AMA  Board  of  Directors  their  intention  to  proceed 
with  product  engineering  programs  on  each  of  the  various  engine  and  trniis- 
mission  combinations  and,  by  January.  1965,  further  report  to  the  Board  of 
Directors  whether  necessary  changes  can  be  made  in  time  to  meet  the  target 
date,  the  beginning  of  1967  model  production.”  (GJ  Ex.  399;  Tr.  Vol.  XXX,  pj). 
72-73). 

Pursuant  to  this  EAC  resolution,  the  .\MA  Board  of  Directors  at  a  meeting 
on  February  26,  1964,  accepted  the  EAC  recommendation,  and  on  motion  rec¬ 
ommended  to  all  companies  that  they  make  it  tlie  basis  for  tboir  individual  action. 
(Tr.  Vol.  XXX,  pp.  71-72 ;  GJ  Ex.  405).  Sultsetpiently,  tlie  March  10  press  release 
was  issued.  At  a  Joint  meeting  of  the  AMA  Pnlilic  Relations  Committee  a  ml 
the  EAC  on  March  3,  1964.  the  reasons  for  the  selection  of  the  March  10  date 
for  the  press  release  were  given : 

“[Mr.  Misch,  the  representative  of  the  Ford  Motor  Company  to  the  EAC  and 
also  its  (EAC’s)  chairman]  advised  .  . .  that  the  Board  had  dlscus.sed  the  timing 
of  a  press  release  and  desired  that  such  a  press  release  should  be  made  on  Marcli 
10,  before  the  State  Motor  Vehicle  Pollution  Control  Board  meets  on  the  lltli. 
hut  that  the  industry  plan  .should  be  reported  to  the  Governor  and  officials  of  tlie 
Moto.:  -'ehicle  Pollution  Control  Board  before  release  is  made.”  (GJ  Ex.  401 1. 

The  ;ack  of  sincerity  of  the  EAC  resolution  is  shown  by  the  fact  that  the  refer¬ 
ences  to  product  engineering  indicated  that  sucli  engineering  had  not  yet  begun. 
Actually,  the  Chrysler  CAP  had  alread.v  been  factory  produced  on  19M  cars  for 
Los  Angeles  County.  The  GM  ManAirOx  .system,  tlie  Ford  Thermactor  system, 
and  the  American  Motors  Air-Guard  system,  whereby  in  eacli  the  exhaust  is 
burned  in  the  exhaust  manifold  with  the  addition  of  air  from  an  air  pumii.  were 
then  sufficiently  ready  for  production  (except  for  the  pump)  so  that  when  com¬ 
pelled  to  do  so  later  in  1964,  Imth  GM  and  Ford  announce<l  their  ability  to  apjily 
the  device  on  1966  models.  (GJ  Ex.  410).  As  for  the  pump,  a  crash  program  com¬ 
menced  at  GM  early  in  1964  prodnce<l  the  Saginaw  pump  within  five  or  six  months 
(Tr.  Vol.  XXXVII.  pp.  32.  42). 

As  a  matter  of  fact  Ford  was  preparing  for  .Job  1.  1966  with  its  Tlierniactor 
system  wliilb  adhering  to  the  AM.\  attempt  to  delay  installation  of  any  exhaust 
device  at  least  another  year.  A  Fonl  confidential  internal  memorandum  dated 
June  26. 1964  reads  in  part : 

“It  became  apparent  that  the  Board  was  positioning  itself  to  approve  two  or 
more  exhaust  treating  devices  in  mid  1964  so  that  1966  models  would  need  to  be 
equipped  with  exhaust,  treating  devices. 

“In  light  of  these  actions,  the  automobile  industry  through  the  AMA  reviewed 
its  position  relative  to  the  California  situation.  On  March  10.  1964.  the  A.M.A. 
board  of  Directors  announced  that  It  had  adopted  a  goal  of  Job  1.  1967  for  su])- 
plylng  passenger  cars  and  passenger  car-like  trucks  to  California  which  would 
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meet  CaUfornia'8  exhauBt  requirements.  At  the  same  time,  the  Executive  Office 
directed  that  the  Company  be  prepared  to  meet  the  California  exhaust  require¬ 
ments  by  Job  1, 1966. 

««•«*** 

“It  should  be  recognized  that  our  external  program  as  presented  to  California 
Is  to  meet  Job  1,  1967,  but  that  our  internal  program  is  to  meet  Job  1,  1966.  It  is 
recommended  that  the  1967  goal  remain  our  public  posture.”  (GJ  Ex.  .”>9{)). 

Apparently  GM  and  Ford  would  have  continued  their  opposition  to  the  in¬ 
stallation  on  1966  Models  of  an  exhaust  device  or  system,  t>ut  the  iM>ssibility  of 
Chrysler’s  application  being  granted  for  certittcation  of  its  Cleaner  Air  Package 
thwarted  their  hopes : 

‘‘There  is  one  disturbing  element  as  far  as  GM  and  Ford  are  concerned  in  the 
position  they  have  taken.  This  is  the  fact  that  t.’hrysler  ma//  receive  certitication 
in  California  for  their  Clean  Air  Package ;  if  so  it  is  doubtful  if  Ford  and  GM  can 
delay  until  1967  the  installation  of  comparable  systems.”  ( Memorandum  Keuort 
by  I>.  R.  Diggs,  E.  I.  Du  Pont,  dated  July  8, 1961,  GJ  Ex.  190). 

FURTHEB  DELAYIKG  TACTICS 

The  collective  activities  of  the  automobile  manufacturers  to  del.iy  the  market¬ 
ing  and  application  of  air  pollution  exhaust  conlrol  devices  and  not  take  com¬ 
petitive  advantage  of  each  other  is  Illustrated  by  the  following  instances ; 

(1)  Since  the  indastry  wa.s  fortified  from  the  beginning  of  tlie  program  wifli 
the  agreement  among  its  meml)er8  not  to  take  competitive  advantage  over  each 
other,  all  auto  manufacturers  were  aide  through  the  years  to  stall,  delay,  impwle 
and  retard  research,  development,  production  and  installation  of  motor  vehicle 
air  pollution  control  equipment. 

As  early  as  January  20,  1959  the  Scientific  Director  of  Geueral  Motors.  Mr. 
.7.  M.  Campbell,  complained  to  Dr.  J.  M.  Hafsted.  the  head  of  GM’s  scientific 
lab«ii‘atoi‘y  that  “Our  effort  thus  far  has  Iieen  at  a  minimal  level  required  to  cover 
es.seutial  areas  of  this  problem  while  at  the  same  time  protecting  other  essential 
research  programs  at  current  levels.”  (Tr.  Vol.  XXXXV,  p.  23:  GJ  Ex.  '*92 

On  September  10.  1962  Dr.  Hafsted  expressed  his  concern  in  similar  vein  in 
writing  to  Mr.  L.  C.  Gead,  an  executive  vice  president  of  GM.  as  follows :  “It  is 
my  conviction  that  this  problem  needs  more  attention  than  it  has  been  getting 
all  along  the  line  in  our  engine  development  programs.”  (Tr.  Vol.  XXXXV,  p.  26 ; 
GJ  PiX.493). 

A  letter  dated  January  27, 1964  written  by  Mr.  Howard  Dietrich,  of  the  Roches¬ 
ter  Products  Division  of  GM,  to  one  K.  F.  Lingg.  states  that  “Mr.  Gordon  [then 
the  President  of  GM]  feels,  and  has  publicly  stated,  that  anti-air  pollution  vehicle 
developments  are  ‘agonizingly  slow.' '  '’’r.  Vol  XXXXV,  pp.  34-K>:  GJ  Ex.  494). 

Dr.  Donald  Diggs,  Asst.  Technlca  hn.i  ger  of  the  Petroleum  chemical  division. 
Du  Pont  Corporation,  one  of  the  w  - --  -  l>efore  the  Grand  Jury,  wrote  several 
reports  evaluating  the  attitude  of  ti  .romobile  industry  towards  the  devehqi- 
meiit  of  curative  smog  devices,  such  a.s  that  of  April  21,  19.o9  which  contains  the 
following  statement : 

“They  [referring  to  the  big  three  automobile  manufacturers]  are  not  .  .  . 
interested  in  making  or  selling  devices  .  .  .  but  are  working  solely  to  protect 
thi  'uselves  against  poor  public  relations  and  tbe  time  when  exhaust  control 
devices  may  be  required  by  law.”  (GJ  Ex.  1K2:  Tr.  Vol.  XLV,  p.  ‘29-:i0). 

Dr.  Diggs  also  wrote  a  report  dated  May  31, 1962  in  which  he  gave  the  following 
cogent  description  of  the  industry's  attitude  ; 

“Therefore,  they  cannot  justify  an  extensive  research  program  because  the 
comiietitlon  might  devise  a  solution  which,  while  perhaps  not  as  effective,  would 
he  less  costly  to  the  motorist.  The  only  incentive  is  to  just  barely  solve  the  prob¬ 
lem  at  the  minimum  cost.  For  that  reason,  each  company  i.s  reluctant  to  spend 
large  amounts  of  their  own  money  for  the  development  of  cures."  (G.T  Ex.  186). 

Dr.  Diggs  testified  that  he  felt  the  industry  could  have  pushed  more  rapidly 
than  it  did  toward  a  solution  of  the  smog  abatement  problem,  inasmui'h  as  their 
work  was  conducted  “at  rather  low  levels  of  activity.”  (G,T  Ex.  198;  Ti‘.  Vol.  XIV, 
pp.  l.">-156). 

An  official  of  the  Maremont  Automotive  Products  Company  volunteered  a 
statement  to  officials  of  the  Du  Pont  Corporation  which  is  contained  in  a  report 
dated  May  19,  1980  which  confirmetl  Du  Pont’s  thinking  in  regard  to  the  automo 
bile  manufacturers  that  they  “were  keeping  up  a  good  front,  but  were  not  push- 
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big  as  rapidly  as  tbey  could  toward  a  solution  of  the  smog  abatement  problem.” 
(GJKx.  m>. 

As  a  mutter  of  fact,  one  of  the  functions  of  the  AM  A  smog  working  group, 
according  to  Mr.  James  Chandler  of  the  ford  Motor  Company,  was  to  “contaiir’ 
the  smog  problem.  Mr.  Chandler  was  of  the  view  as  of  May  21, 1959  that  the  prob¬ 
lem  “is  not  bad  enough  to  warrant  the  enormous  cost  and  administrative  problems 
of  installing  three-million  afterburners.”  (GJ  Ex.  418). 

J.  D.  Cllman,  another  technical  expert  in  the  petroleum  chemical  division 
of  the  llu  Pont  Corporation  also  wrote  reports  on  the  dilatory  approach  ot  the 
automobile  companies  toward  smog  control  measures  which  contain  the  following 
statements ; 

"The  automotive  indu.stry  as  a  whole  has  taken  a  very  firm  position  in  relation 
to  the  California  authorities.  Basically,  the  automotive  manufacturers  would  seek 
to  avoid  installing  a  reactor  of  any  sort  on  a  ear  because  it  adds  cost,  but  proride.s 
no  customer  beneflts  such  as  improved  engine  performance  or  styling  advances. 
[As  a  result]  A  smog  abatement  device  will  Ije  installed  on  cars'for  California 
market  only  after  iieing  approved  and  re«ine8ted  by  the  Government  of  Cali¬ 
fornia.’’  ( G.l  Ex.  194  dated  January  19, 1960). 

"We  g;irhere<l  that  the  automobile  industry  will  continue  to  di>  whatever  it  ciin 
within  the  scope  of  California  legislation  and  of  political  pressure  to  postpone 
installation  of  exhaust  control  devices.  The  crank  <-ase  vent  will  be  pointed  to  as 
a  constructive  step  by  the  automobile  Industry  and  will  be  given  as  much  credit 
as  possible  for  reducing  hydrocarbon  emis.slons  from  the  automobile.”  (GJ  Ex. 
la'i,  dated  April  22, 1960). 

(2)  The  air  Injection  system  developed  by  General  Mtdors  was  fully  de.<cril«ed 
In  a  paper  read  before  the  Mwlet.v  of  American  Engineers  on  March  12-16.  1962. 
entitle<l,  "A  ITogress  Report  on  ManAirOx-Manifold  Air  Oxidation  of  Exhaust 
Gas"  ( GJ  E.x.  282),  hut  it  was  not  installed  on  GM  cars  until  all  of  the  automobile 
companies  simultaneously  announced  antLsmog  systems  for  all  1066  California 
model.s. 

(3)  As  early  as  lO.’iS  Charles  Heinen,  the  engineer  in  charge  of  the  air  pollu¬ 
tion  control  program  at  Chry,sler,  and  hi,s  a.s.sistaDt,  'Waiter  S.  Pagley,  .Ir.  eo- 
autliored  a  paper  entitled,  “Maintenance  and  the  Automobile  Exhaust.”  (Tr.  Vol. 
XXX.  p.  103).  A  second  report  followed  in  May.  1962.  (Tr.  Vol.  XXX,  p.  120). 
This  paper  was  omitted  from  an  SAE  book  entitled.  “Vehicle  Emissions’’  pnli- 
llshed  in  1964  which  purported  to  contain  an  anthology  of  all  SAE  papers  of 
significant  contribution  to  the  air  pollution  problem.  (Tr.  Vol.  XXX.  p.  123: 
Tr.  Vol,  XXX,  p.  01),  Evidently  tlie  omission  wa.s  influenced  by  Heinen’s  desire 
to  equip  all  cars  sold  in  California  in  1962  with  tlie  CAP.  (Tr.  Vol.  XXX.  pp.l32- 
136,  CJ  Ex.  448). 

Moreover,  when  Chrysler  decided  to  submit  tiieir  Cleaner  Air  Package  to  the 
California  MVPCB  in  October,  1963  for  certification  “the  rest  of  tlie  industry 
felt  that  this  was  a  breach  on  the  part  of  Chrysler  of  the  Automobi’e  Maimfac- 
turer.s  Agreement  [which]  specified  that  all  manufacturers  would  work  together 
as  an  industry  rather  than  as  Individual  <-ompanies.  .  .  .  The  final  straw  .  .  . 
came  wlien  after  Chrysler  had  submitted  their  Clean  Air  Package  to  the 
Board  .  .  .  the  County  government  decided  that  wherever  possible  they  would 
bu.v  only  Chry.sler  rehlcle.s.  This,  they  stated,  was  to  sliow  their  appreciation  of 
the  attempts  bv  Chrysler  to  develop  a  smog-free  automobile.”  (Tr.  Vol.  XXX, 
pp.  110-141 ;  GJ  Ex.  226) . 

Despite  the  .success  of  the  CAP,  In  1964  Chry.sler  showed  that  it  came  Iiack  info 
line  liy  joining  in  the  aforementione<1  resolution  calling  for  product  engineering 
and  delay  of  installation  until  the  1967  models,  and  by  not  equipping  its  cars  with 
tlie  C.\P  system  until  installed  by  ail  manufacturers  on  1966  models  to  lie  sold 
In  California,  (Tr.  Vol.  XXIX,  pp.  121-122).  Chrysler's  concern  that  the  industry 
cooperative  smog  program  be  kept  intact  is  clearly  evident  from  a  report  by 
R.  A.  Pittman  ot  the  Ford  Motor  Compan.v  concerning  a  meeting  with  Bob 
Sorenson  of  Chrysler,  dated  February  6, 1964: 

“XOTES  OH  MT  DISCUSSIOH  WITH  BOB  S0KEH80N  CONCEBXIHG  ‘SMOO’ 

“B.  Chrysler  management  is  sorry  that  things  have  progre.ssed  to  the  extent 
they  have  In  fios  Angeles  County  and  they  have  been  trying  to  determine  how 
they  can  back  off  of  what’s  been  said  already  to  Los  Angeles  County. 

**••••* 
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“D.  Bob  agathi  em^basiaed  that  hia  company  wanted  nothin;  bnt  a  coopera  tire  ef¬ 
fort  and  wouid.enbertaiii  any  other  stWfieatloBB  aa  to  how  to  pet  back  on  a  cooper' 
ati ve  baaia.”  ( G  j  ^  4dl ),. 

A  bandwrittoi  note  on  tbla  dooBiaent  written  by  Arjay  Miller,  President  oC 
Ford,  dhted  February  IS,  1994  reads  as  loUowa : 

“I  think  Chrysler  is  playing  us  aa  anckera.  'Phey  get  all  of  the  favorable  puIk 
liclty  and  the  car  tales,  while  giving  up  nothing.”  (GJ  Hlx.  4ttl>. 

De^te  the  preeaure  of  the  industry,  on  March  18,  1964  the  MVPCB  notifled 
each  automobile  manufacturer  that  the  Board  was  then  testing  four  exiinust  con¬ 
trol  devices  on  an  accelerated  basis,  two  of  which  if  certUled  would  automnti- 
cally  trigger  the  mandatory  aspects  of  the  law  requiring  196tt  models  to  meet  the 
.standards.  In  a  letter  to  Mr.  John  F.  Gordon,  then  President  of  AMA.  Dr.  J.  B. 
Askew,  Chairman  of  the  MVPCB,  stated  that  he  was  hopeful  the  industry  would 
“reevaluate  your  policy  decision  and  work  with  us  to  achieve  exhaust  controls 
for  1966  models.”  (Tr.  Vol.  XXX,  p.  98.  99,  GJ  E.x.  447). 

On  June  17,  19W  formal  approval  was  given  by  the  MVPCB  of  California  to 
four  devices  manufactured  by  independent  concerns  outside  of  the  automobile 
industry.  Thereafter,  on  July  7,  1964,  in  response  to  a  MVT*CB  request  that  the 
individual  car  manufacturers  present  their  plans  with  respect  to  meeting  the  Cali¬ 
fornia  standards  for  1966  models  re<iuired  by  the  certification  of  outside  devices^ 
the  automobiie  companies  declared  their  intention  to  apply  air  inji-cfion  .systems 
(General  Motors,  Ford  and  American  Motors)  and  an  engine  modification  sys¬ 
tem  (Chrysler)  for  1966  cars  sold  in  the  State  of  California  (GJ  Ex.  Jl!)).  This 
determination  wa.s  formally  announced  by  the  industry  at  a  presentation  made 
to  the  MVPCB  on  August  12,  1964.  The  pressure  of  events  therefore,  comijelletl 
the  ear  manufacturers  to  a^’ance  the  application  date  of  exhaust  devices  at 
least  a  full  year  in  advance  of  their  resolved  plans  and  then  only  t"  meet  the 
requirements  of  law. 

The  Chrysler  Corporation  could  actually  have  installed  the  CAP  on  their 
1966  model  automobiles,  according  to  a  report  of  Mr.  J.  E.  Yingst  of  the  TRW 
Corporation  dated  June  24,  1964,  which  reads  in  pertinent  part  as  follows : 

“During  the  last  month  I  have  met  at  the  four  major  automobile  coriwration.s 
witli  the  staff  and  research  level  engineering  people  who  are  respousihle  for  the 
exhaust  emissions  control  programs  in  their  respective  corporations.  'J'liese  meet- 
lugs  were  In  conjunction  with  the  presentations  of  the  Texaco-TRW  work  on 
a  catalytic  control  system  and  in  re.spouse  to  the  interest  on  the  part  of  Ford, 
American  Motors,  and  General  Motors  in  our  air  pump. 

“(4)  Chrysler  stated  without  reservation  that  the.v  have  now  engineered  their 
combustion  control  system  into  all  of  their  car  models  and  could,  if  reijuired. 
offer  the  system  on  even  their  1965  cars.”  (GJ  Ex.  420). 

EVAPOBATIOX  nOSSES 

As  early  as  June  1958,  J.  T.  Wentworth,  a  member  of  the  GM  research  staff 
prepared  a  technical  paper  on  the  subject  of  “Carburetor  Evaporation  7,nsses” 
which  was  published  in  a  compilation  of  technical  papers  presented  under  the 
auspices  of  the  SAE.  This  paper  was  first  discus.sed  at  .a  meeting  of  the  lndu<‘- 
tion  System  Task  Group  held  on  January  14.  19.58.  (Tr.  Vf>l.  XXI.  pp.  !Mi-!»7 :  G.I 
Ex.  280).  Wentworth’s  tests  were  analyzed  in  his  paper  and  the  results  showed 
that  evaporation  losses  of  unburned  hydrocarbons  were  as  great  ns  those  normall.v 
emitted  from  the  tailpipe.  (Tr.  Vol.  XXI,  p.  98). 

On  September  16,  1961  a  GM  engineer  named  H.  H.  Dietrich  obtaijied  a  patent 
on  a  method  to  control  evaporation  losses  which  was  assigned  to  General  Motors. 
His  application  for  this  patent  was  filed  on  August  8.  1960.  General  Motors 
thus  knew  of  the  Dietrich  system  and  the  art  involved  in  its  invention  as  early  as 
1960  (Tr.  Vol.  V.  p.  35 ;  GJ  Ex.  82). 

It  should  be  noted  that  twenty  different  papers  were  written  on  this  subject 
from  1958  to  1984.  (Tr.  Vol.  XXI,  p.  123).  A  report  entitled  “Fuel  System  Evap¬ 
oration  Losses”  was  Issued  by  the  AMA  in  September.  1961.  (Tr.  Vol.  XXI,  p. 
113).  Clearance  for  release  of  this  report  to  the  California  authorities  b.v  the 
member  cmnpanies  of  AMA  was  not  given  until  March  3,  1965,  because,  as  Mr. 
Llnvllle  testified : 

“It  would  seem  fairly  reasonable  that  this  report  would  have  triggered  a  great 
deal  of  comment  and  a  great  deal  of  criticism  of  the  industry  when  there  were 
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certain  can  over  2000  percent  higher  than  other  care,  ao  it  seemed  that  this  conld 
easily  have  been  the  reason  that  this  repMt  was  internal  and  not  allowed 
to  be  read  by  outsiders  untlt  modifications  could  have  been  made  to  bring  these 
high  emitters  down  more  nearly  in  line  with  the  low  emitters.”  ( Vol.  XXI,  p.  U4- 
119;  OJ  Ex.  391  (d)  ;  Tr.  Vol.  XXXXI,  p.  37;  Cf.  Memo,  report  of  VCP  Com¬ 
mittee  meeting  held  on  Sept  18, 1960,  GJ  Bx.  351,  p.  1 ) . 

The  cross-licensing  agreement  was  anmnded  in  1960  to  include  fuel  system 
evaporation  losses,  and  Ford  and  Studebaker  began  a  study  of  this  problem  in 
that  year.  (Tr.  Vol.  XXI,  k».  100-101, 108).  Dr.  Norman  Alpert,  Assistant  IMrec- 
tor  of  Research  at  the  Esso  Corporation  testified  that  if  something  had  then  been 
done  to  control  evaporation  losses  It  would  have  been  equally  as  Important  as  the 
elimination  of  blow-by  emissions.  (Tr.  Vol.  V.  p.  13).  Most  members  of  the 
Induction  System  Task  Group  were  of  the  opinion  that  carburetor  evaporation 
running  losses  could  be  eliminated  in  March,  1961.  (Tr.  Vol.  XXI,  p.  Ill,  Tr, 
Vol  XXX,  p.  135;  GJ  Ex.  389).  Yet  the  mlnntes  of  the  Fuel  System  Emission 
Task  Gronp  of  the  VCP  disclose  that  as  of  October  13,  1968  “relatively  little  is 
being  done  by  the  individual  companies  on  vapor  loss  control.”  (Tr.  Vol.  XXI, 
p.  12;  GJ  Ex.  390). 

In  June,  1959,  Union  Oil  Co.  developed  a  system  to  eliminate  evaporation 
losses  but  although  tested  by  the  industry  through  AM.\  it  was  ignored  ( Tr.  Vol. 
IV.  pp.  19-26,  43-45;  GJ  Ex.  32,  and  54),  Even  to  date  the  auto  manufacturers 
maintain  that  there  is  no  practical,  ec<momlc  or  feasible  system  to  control  evap¬ 
oration  losses,  although  a  Ford,  a  Chrysler,  and  a  GM  car  were  equipijed  with  a 
charcoal  filter  developed  by  the  Esso  Corporation  to  control  such  losses,  Esso 
having  furnished  each  of  these  companies  with  a  car  of  its  own  manufacture 
equipped  with  the  device  on  April  4, 1966.  (Tr.  Vol.  XXI.  pp.  125-127 ;  GJ  Ex.  393, 
395).  Dr.  John  Gerrard,  project  engineer  for  the  Esso  Re.search  and  Engineering 
Company,  Linden,  New  Jersey  testified  that  the  Esso  Cori)«ration  system  (which 
controls  better  than  95  percent  of  such  losses),  was  successfully  tested  on  these 
cars.  (Tr.  Vol.  V,  p.  19;  Tr.  Vol.  VI,  p.  5).  TTie  response  of  the  automobile  indus¬ 
try  to  the  Esso  system,  known  as  the  ELCD  system,  ranged  from  hostile  to 
“spotty,”  although  all  except  Ford  are  still  testing  the  systems  and  they  agree, 
in  general,  with  the  results  obtained  by  Esso  (Tr.  Vol.  VI,  pp.  28-33;  Tr.  Vol.  V, 
pp.  31-32).  This  system  Involves  no  major  engineering  change  in  the  motor  de¬ 
spite  assertions  to  the  contrary  by  industry  spokesmen.  All  that  is  required  are 
minor  carburetor  modifications  and  a  tube  which  runs  from  the  gas  tank  vent 
to  a  canister  filled  with  charcoal  which  acts  as  a  filter  for  the  polluting  omi.s- 
sifci.s.  (Tr.  Vol.  VI,  pp.  .31-.35). 

The  estimated  cost  of  the  system  as  original  equipment  would  run  from  $3  to  $7, 
but  in  great  volume  it  would  come  down  from  this  figure.  (Tr.  Vol.  V,  p.  27). 

On  September  23, 1964,  more  than  six  years  after  publication  of  the  Wentworth 
paper  and  three  years  after  Issuance  of  the  Dietrich  patent,  GM  concluded  that : 
“It  is  necessary  ...  for  us  to  begin  development  programs  on  devices  to  control 
these  [evaporation  lo.ss]  emissions.”  This  action  was  taken  only  after  the  Cali¬ 
fornia  Air  Pollution  authorities  had  advised  they  would  take  keps  in  October, 
1964  to  require  evaporation  loss  limits  on  fuel  tanks  and  carburetors.  (Tr.  Vol. 
XXXVII,  p.  96 ;  GJ  Ex.  9524). 


OXIDES  OF  SrraOOEX 

Oxides  of  nitrogen  (NOx)  is  a  recognized  iwllutant  emitted  from  the  auto¬ 
mobile  exhaust  together  with  hydrocarbons  and  carbon  monoxide.  This  noxious 
contributor  to  the  smog  problem  can  be  reduced  by  rec.vcllng  the  exhaust  gas 
back  into  the  combustion  chamber.  The  general  technology  for  its  reduction  has 
been  known  for  many  year.s,  since  the  exhaust  gas  recycling  system  for  reducing 
emissions  of  oxides  of  nitrogen  was  developed  and  patented  in  1953.  (Tr.  Vol.  V, 
pp.  8-10:  Tr.  3'ol.  XIX,  p.  128).  In  1962  a  paper  written  by  Dr.  B.  D.  Kopa  of 
UCLA  in  conjunction  with  3Ie.ssrs.  .Tewell  and  Spangler  de.scrll)ed  a  09-SO^'r 
reduction  accomplishment  in  nitrogen  oxide  emissions.  (Tr.  I’ol.  XIX.  pp.  12.3- 
126). 

Mr.  Albert  Jesser,  a  research  and  mechanical  engineer  employed  by  George 
Cornelius  at  bis  laboratory  In  San  Pedro,  California  described  a  device  for  the 
reduction  of  oxides  ot  nitrogen  developed  at  the  Cornelius  laboratory  which 
tested  well  below  the  360  parts  per  million  standard  established  by  the  State  of 
California,  and  reduced  NOx  emissions  85%.  The  cost  of  this  device  to  the  con¬ 
sumer  is  negligible.  (Tr.  Vol.  XIX,  pp.  129-132;  Tr.  Vol.  XIX,  p.  128). 
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Mr.  Gomeliiu  is  a  well-known  Inventor,  formerly  aasociated  with  tile  Holley 
Carburetor  Oompany,  who  has  done  exhmalve  work  on  research  and  developoient 
of  motor  v^cle  air  pollution  contnd  systems  and  devices.  (Tr.  Vcd.  IV,  pp. 
51-^). 

^Ihe  automobile  Industry  was  notlfled  of  the  existence  of  the  Cornelius  device 
in  the  latter  part  of  1960  (Tr.  Vid.  XIX,  p,  IM),  yet  none  of  the  companies  took 
any  particular  interest  in  the  device,  and  the  Impression  Jesser  had  of  the  Ford 
attitude  toward  his  device  was  that  “this  is  a  sort  nuisance.”  (Tr.  VoL  XIX, 
p.  148),  There  were  no  tangible  offers  or  responses  from  any  automobile  manu¬ 
facture.  (Tr.  Vol.  XIX,  p.  141). 

Robert  Van  Derveer  of  American  Motors  testified  on  June  29, 1967  that  none  of 
the  automobile  manufacturers  have  come  up  with  a  device  or  system  to  control 
the  emissions  of  oxides  of  nitrogen.  (Tr.  Vol.  XLVl,  p.  S4) . 

DIESEL  EXOINES 

Contrary  to  popular  belief,  diesel  engines  do  not  emit  hydrocarbons  or  carbon 
monoxide  as  do  gasoline  engines ;  they  do,  however,  emit  irritating  smoke  and 
odor.  Here  again,  only  Up  service  was  given  to  correcting  the  i)roblem. 

In  a  statement  made  before  the  Muskie  Committee  (GJ  Ex.  429,  at  p.  931),  Dr. 
I*.  H.  Schweitzer  of  Schweitzer  &  Hussmann,  State  College,  Pa.,  a  recognized 
authority  on  diesels,  said  to  park : 

“I  shall  not  absolve  the  diesel  engine  of  its  polluting  effect.  I  have  raised  my 
voice  repeatedly  In  the  past  against  diesel  exhaust  smoke  and  odor.  In  Seji- 
tember  1954,  at  the  fifth  international  symposium  on  combustion,  in  Pittsburgh, 
Pa.  I  said : 

‘■Even  enlightened  self-interest  should  introduce  the  industry  to  take  this  mat¬ 
ter  [noise,  smoke,  and  odor]  seriously,  more  serionsly  than  it  has  in  the  past.  It 
is  easy  to  predict  that  government — State  or  municipal— will  soon  act  if  we  do 
nothing  about  it.  An  incensed  public  may  force  legislators  to  enact  unwise  laws  to 
the  detriment  of  all  of  us.” 

■'The  Automobile  Manufacturers  Association,  which  received  a  copy  of  m.v 
talk,  took  my  advice  to  heart  and  formed  a  task  force,  on  diesel  eiumis.siour 
When?  Ten  years  later,  in  March  1964.” 

Our  expert,  Wallace  Liiiville,  testified  as  follows  on  this  problem : 

"Q.  Can  you  tell  us  of  any  other  methods  which  could  have  been  used  since 
1955  to  reduce  smoke  and  odors? 

■•A.  Tliere  are  several.  Luhribol  lias  to  do  largel.v  with  control  of  smoke.  It  is 
a  fuel  additive  and  very  adequate  for  tlie  control  of  .smoke.  It  has  very  little  effect 
on  odor.  The  fumigation  I  described  a  few  days  ago  is  a  means  of  getting  better 
I'ombustion  in  the  combustion  chamber  of  the  diesel  engine  and  thi.s  is  utilized 
in  controlling  both  smoke  and  odor,  and  the  first  paper  that  was  written  on  this 
tiy  Mr.  Schweitzer  was  in  1957  entitled  "F^umigation  Kills  Smoke.”  Mr.  Schweitzer 
was  with  the  Penn  State  University  at  that  time.”  (Tr.  XXXXl’II.  ix  7). 

Xo  manufacturers  of  diesel  engines  have  utilized  Uubrizol  or  other  types  of 
•n  Cterburners  satisfactory  in  botli  smoke  and  other  control,  e.xcept  from  the  eco¬ 
nomic  staiidiioint.  (Tr.  XXXXVII,  pp.  8-11). 

OTHEB  APFBOACHES 

Relian(,-e  on  the  agreement  not  to  compete  in  the  research,  development,  manu¬ 
facture  and  installation  of  air  pollution  control  equipment  ajiparently  enalded 
the  automobile  manufacturers  to  disregard  several  other  approaches  to  the 
problem,  thus  further  delaying  its  solution. 

For  instance,  the  late  1950's  Ralpli  Heintz,  inventor,  develojied  and  patented  a 
stratified  cliarge  engine  (Tr.  Vol.  VIII,  pp.  10,  12,  25-27)  which  reduced  hydro¬ 
carbon,  carbon  monoxide,  and  oxides  of  nitrogen  emissions,  while  at  the  same 
time  effecting  a  savings  in  gasoline  constunption  (Tr.  Vol.  VIII,  pp.  22-25).  More¬ 
over,  the  stratified  charge  engine  would  replace  the  conventional  engine  with 
little  or  no  additional  cost  to  the  consumer  (Tr.  Vol.  VHI,  pp.  27-29).  The  devel¬ 
opment  of  this  engine  was  publicized  generaU.v  so  that  the  automobile  manu¬ 
facturers  knew  of  its  existence  and  what  it  would  do  (Tr.  Vol.  VIII,  jip.  13-18, 
.36-31) .  In  fact,  Victor  G.  Raviole,  former  executive  director  of  the  Ford  engineer¬ 
ing  staff,  stated  on  several  occasions  in  the  early  lOCO’s  that  the  major  autoumliile 
companies  were  investigating  such  an  engine  and  on  one  occasion  predicted  that 
it  might  be  ready  for  prodnction  before  1966  (Tr.  Vol.  VIII,  pp.  29-30,  .33;  GJ 
Ex.  607).  However,  the  automobile  manufacturers  have  evidenced  little  faith  in 
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this  approach  and  no  ftnch  enetne  has  been  produced  by  any  of  them  (Tr.  Vol. 
Vni,  pp;  l<^  3»-35,  38-39;  Tr.  Vol.  XXXI,  pp.  Tr.  Vd.  XXXI  I,  pp.  1.>h_ 

1«0  ;  Tr.  Vol.  XXXV.  pp.  188-189). 

Similarly,  George  Comeilius  has  developed  and  iiatented  a  direct  flame  after¬ 
burner’  and  an  exhaust  recycling  unit  which  have  proven  effective  in  reducing 
hydrocarbons^  carbon  monoxide,  and  oxides  <rf  nitrogen  (Tr.  Vol.  IV,  p|).  til-tti, 
77-79;  Tr.  Vd.  XIX,  pp.  130-131).  A  test  by  Scott  LalxM'atorles  shows  that  with 
this  afterburner  hydrocarbons  were  reduced  to  28  ppm  and  carbon  monoxide  to 
0.98%  frcMn  620 hydrocarbons  and  4.63%  carbon  monoxide  (GJ  Ex.  02)  Mr. 
Cornelius  estimated  that,  if  produced  in  large  volume,  the  combined  package 
(afterburner  and  recycling  devices)  would  cost  the  motor  vehicle  manufacturers 
about  $25  to  put  on  new  cars  (Tr.  Vol.  IV,  p.  92).  However,  the  major  automo¬ 
bile  companies  have  exhibited  little  or  no  interest  in  these  devices  for  controlling 
automotive  pollution  (Tr.  Vol.  IV,  p,  57 ;  Tr.  Vol.  XIX,  pp.  132.  i:{4,  141-142,  l.'il ). 
In  fact,  at  a  meeting  in  December,  19^,  William  Gay,  Executive  Engineer.  En¬ 
gine  and  Foundry  Division,  Ford  Motor  Company  told  Albert  Jesser,  an  employee 
of  Cornelius,  that  “[i]f  General  Motors  and  Chrysler  do  not  control  their  exhaust, 
we  can  do  nothing  and  be  competitive"  (Tr.  XIX,  p.  148).  Mr.  Gay  ah's!  .stated 
that  if  the  entire  package  would  cost  more  than  $5,  Ford  would  not  be  interested 
(Tr.  Vol  XIX,  also  at  p.  148). 

Several  other  approaches  to  the  automotive  pollutant  emissions  problem  have 
apparently  received  little  interest  from  the  automotive  manufacturers.  I'hillip 
S.  Osborne  of  Raymond  G.  O^ome  Laboratories  developed  and  itatente<l  in  the 
early  1960’8  preinduction  smog  control  concept  which  effectively  reduced  hydro¬ 
carbons,  carbon  monoxide,  and  oxides  of  nitrogen  (Tr.  XI,  p.  29).  The  estimated 
manufacturing  cost  of  the  Osborne  device  was  about  $15.  (Tr.  Vol.  XI.  p.  3!)). 
Again,  the  automtfltlle  manufacturers  exhibited  little  interest  in  thi.s  approach 
(Tr.  Vol.  XI.  p.  31;  Tr.  Vol.  XII.  pp.  14,  16.  24),  and  what  interest  was  shown 
by  the  Ford  Motor  Company  was  coupled  with  indications  that  Ford  would  try 
to  circumvent  Osbonie’s  proprietary  position  if  the  concept  proved  effective  (Tr. 
Vol.  XI.  pp.  28-31 ;  Tr.  Vol.  XII,  pp.  10, 21 ) . 

Mr.  L^lie  Fox  of  S  C  Carburetor,  Inc.,  developed  and  patented  in  the  late 
1930’s  and  early  ’60’s  a  unique  carburetor  which  effectively  reduced  liydro- 
carbons,  carbon  monoxide,  and  oxides  of  nitrogen  while  also  eliminating  evaixtra- 
tlve  losses,  at  a  manufacturer’s  cost  of  about  $6.  (Tr.  Vol.  XXXIV,  pp.  7-9. 1.3-14. 
19).  The  automobile  manufacturers  have  shown  little  or  no  interest  in  this  device. 
(Tr.  Vol,  XXXIV,  pp.  16,  21-22). 

In  sum,  although  various  approaches  to  the  motor  vehicle  pollutant  emissions 
Itroblem  have  shown  considerable  promise,  the  automobile  companies  aitpnrently 
have  done  little  with  them.  It  seems  likely  that  the  reason  for  this  attitude  is  the 
fact  that  the  AMA  cross-licensing  agreement  placed  the  automobile  piwlucers  in 
a  position  where  they  did  not  have  to  fear  that  a  competitor  would  develop  an 
effective  device  or  system  for  its  exclusive  use  which  might  t)ecome  re^iuired 
equipment  and  thus  put  the  others  at  a  competitive  disadvantage. 

BOTCOTT 

As  to  the  alleged  agreement  not  to  purchase  or  utilize  any  device  developed 
by  a  non-signatory  to  the  cross-licensing  agreement : 

’The  automobile  companies,  through  AMA,  announced  in  5Iarch,  1964  that  a 
target  date  had  been  set  for  the  Installation  of  pollution  control  devices  on  1967 
model  automobllles.  The  MVPCB  of  California  then  approved  feur  devices 
developed  by  independent  manufacturers  (American  Machine  and  Foundry  Com¬ 
pany — Chromalloy :  Universay  Oil  Products — Arvin  Industries :  W.  R.  Grace  & 
Company — Norris-Thermador  Corporation:  American  Cyanamid  Company — 
Walker  Manufacturing  Company)  which,  under  California  law,  made  the  instal¬ 
lation  of  pollution  control  equipment  mandatory  on  1966  production.  Instead  of 
utilizing  any  of  the  approved  devices,  all  auto  companies  utilized  devices  or  sys¬ 
tems  which  they  themselves  developed. 

Dr.  Askew,  a  member  of  the  MVPCB  since  its  inception,  testified  that  the  sys¬ 
tems  utilized  by  the  Industry  in  1966  and  1967  did  a  better  job  than  the  catalytic 
devices  approved  by  the  board.  He  stated  further  that  while  the  board  was  not 
satisfied  with  these  catalytic  devices,  it  approved  them  and  thereby  forced  the 
industry  to  put  on  its  own  systems.  Thus  the  California  board’s  approval  of  these 
devices  was  calculated  to  and  did  put  pressure  on  Detroit  in  order  to  force  them 
to  ln.stall  poButlon  control  equipment.  (Tr.  Vol,  XXX VIII,  pp.  16-17). 

While  it  is  true  that  all  of  the  automobile  companies  use  systems  developed  by 
themselves,  we  do  ont  think  that  any  inference  of  a  boycott  can  be  drawn  from 
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tfal6  clrcmMtAiKe.  From  the  ttaadpoltit  of '  simplicity  and  performance  tbese 
systems  at  least  compare  favorably  with  tbe  devices  developed  by  Independent 
nianuldetnteis.'  From  the  standpoint  of  cost,  too,  these  internally  developed  sys¬ 
tems  oompate favorably.  (Flsber,  Tr.  VOl.  XXXXrV,  p.  44).  Even  assuming  that 
testimony  cOutd  be  developed  which  vrotalA  Jnstify  a  conclnslou  that  the  independ- 
eht  devices  were'  better  (and  cheaper)  than  the  systems  atiUsed,  we  still  believe 
we  woald  need  more  direct  evidence  of  an  agreement  among  the  auto  companies 
to  establish  a  boycott. 

Nor  do  we  believe  that  the  evidence  warrants  the  conclnsion  that  the  in¬ 
dependent  device  SMinufactarers  did  not  know  long  before  the  middle  of  1964 
that  the  auto  companies  potsessed  capability  to  solve  the  problem.  AMF-Chromal- 
ioy  developed  perhaps  the  best  of  the  four  Indeitendent  devices  mentioned  above. 
In  a  letter  to  the  MVPCB  dated  October  29,  1964,  Lipcblk  of  Chromalloy  stated 
that  the  auto  companies  "have  no  Intention  of  using  the  AMF/Cbromalloy  device" 
or  any  trf  the  other  independent  devices  approved  by  the  board.  (Tr.  \  ol.  XVI, 
pp.  84-86). 

This  conclusion  was  based  on  reports  received  from  bis  men  in  the  field.  The 
siieciflc  conversation  with  an  industry  representative  upon  which  this  statement 
i.s  most  likely  based  took  place  on  June  24,  1964  between  Chandler  of  Ford  and 
Clyateof  AMF. 

Ulyate  testified  in  this  regard  as  follows : 

“A.  I  felt  that  he  said  in  general  Ford  tvould  not  use  anybody's  device,  par¬ 
ticularly  ours.”  (Tr.  Vol.  XJH,  p.  68). 

Although  Ulyate  does  not  recall  Chandler  saying  so.  he  received  the  impression 
from  Chandler  that  neither  Ford  nor  any  other  company  would  buy  tlte  AMF 
device.  (Tr.  Vol.  XVI,  p.  125). 

This  impression  was  strengthened  by  other  observations  contained  in  a  trip 
report  Ulyate  made  to  Liix;hik  after  a  June  24-27,  1964  visit  to  Detroit,  which 
reads  in  pertinent  part  as  foilows  : 

"In  general  Ford  personnel  not  very  receptive  to  device  concept.  Tliey  indicated 
that  they  doubted  any  device  would  ever  be  installed  on  a  Ford  car. 

"My  impression  was  that  they  were  just  going  through  the  motions  in  even 
considering  an  evaluation.  With  their  attitude,  I  don't  see  how  the.v  can  itive  a 
fair  evaluation  to  the  burner."  (GJ  Ex.  171). 

.Mr,  Van  Derveer  testified,  however,  that  American  Motors  was  seriously 
considering  using  the  AMF  device  (Tr.  Vol.  XVI.  p.  116),  but  that  it  could  not 
have  been  engineered  into  American’s  production  in  1966.  (Tr.  Vot.  XXXXVl. 
p.  133).  After  an  extensive  evaluation.  Van  Derveer  stated,  AMF  "fell  flat  on 
their  face.”  (Tr.  Vol.  XXXXV,  p.  151).  Van  Derveer  also  testified  that  after  an 
evaluation  of  the  Norris  and  Walker  devices  It  was  determined  that  tlicy  were 
inadequate  for  American  Motors  1966  needs.  (Tr.  Vol.  XXXXV.  pp.  l.'il-l."!.')).  .\s 
to  the  four  approved  devices.  Van  Derveer  testified  that  UOP  would  not  "have  any 
part  of’  American  Motors  (Tr.  Vol.  XXXXV,  p.  155). 

Ervin  C.  Lena,  Manager.  Advanced  Development  and  Smog  Engineering, 
Walker  Manufacturing  Company,  testified  that  as  far  back  as  1960  tlie  auto¬ 
mobile  companies  made  it  clear  that  they  were  interested  primarily  in  their  i>wn 
systems ;  that  the  only  time  they  would  utilize  an  independent  device  was  if  either 
their  own  systems  would  not  work  or  if  the  independent  device  was  better  or 
cheaper.  Lenz  further  testified  that  it  was  the  hope  of  manufacturing  a  lietter 
and  cheaper  device  that  kept  Walker  working  in  the  air  pollution  control  field,  so 
as  not  to  lose  Its  position  as  a  supplier  of  mufflers  to  the  automobile  industry.  (Tr. 
Vol.  XXVI,  p.  93). 

Ward  B.  Sanford,  Manager,  Ceramics  Project,  3M  Company,  testified  tliat  his 
company  was  told  by  General  Motors  in  early  1962  that  the  engine  modification 
approach  was  more  practical  and  a  better  potential  answer  to  the  emissions  prob¬ 
lems  than  were  the  socalled  tack  on  devices,  (Tr.  Vol.  XIX,  pp.  67-68). 

Grand  Jury  Exhibit  Number  421.  dated  April  25,  1969.  a  TRW  document, 
which  reads  in  pertinent  part  as  follows,  throws  further  light  on  G.M's  attitude : 
“The  job  of  emission  should  eventually  be  controlled  in  the  engine,  and  .some 
engines  are  nearly  good  enough  now.” 

Grand  Jury  Exhibit  Number  422,  dated  June  9,  1961,  a  TRW  document,  also 
states  in  pertinent  part  8.s  follows : 

“Chayne  of  General  Motors  has  Informed  Mr.  Riley  that  their  attempts  to 
solve  the  problem  in  a  different  way  probably  at  the  engine,  have  had  ctmsid- 
erable  success,  and  they  exxtect  this  work  to  be  completed  in  a  month  or  so,  and 
would  inform  TRW  of  the  results  at  the  proper  time.  Ergo,  General  Motors  is  not 
very  interested  in  regenerative  direct  flame  afterburners.” 
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In  September,  1968  Chrysler  told  AMF  that  its  Cleaner-Alr-Package  would 
solve  the  problem  for  them.  (Tr.  VoL  XVI,  p.  62),  Chrysler  even  submitted  its 
CAP  to  the  MVPCB  for  approval  in  July,  19fB.  A]M>roval  of  the  CAP  system  was 
not,  however,  forthcoming  from  the  board  until  late  in  November,  1861 

The  underscored  portion  of  the  following  quotation  indicate  that  as  of 
Iklarch  9,  1964,  AMA  felt  that  the  catalytic  devices  approved  by  the  Ml'PCB 
would  not  be  used  by  the  automobile  manufacturers.  Grand  Jury  EhchiUt  402, 
an  AMA  document  quoted  in  part,  supra,  at  p.  42,  states  further  in  pertinent  part 
as  follows: 

“It  would  be  very  much  to  our  advantage  to  avoid  this  topic — shrug  it  off  or 
ignore  it — for  a  month  or  two.  In  the  interim  a  lot  of  things  might  change  in 
the  picture,  inahuUng  even  the  wUHdrateal  of  the  catalytic  devices  now  on  tests 
when  the  subnUttors  analyse  the  future  possibilities  for  themselves."  (Emphasis 
added.) 

It  is  apparent,  also,  that  AMA's  activities  were  designed  to  discourage  inde¬ 
pendent  manufacturers  from  proceeding  with  certification,  as  is  evidenced  by 
the  reaction  of  persons  connected  with  independent  concerns.  In  a  report  dated 
May  26,  19W.  Mr.  D.  A.  Hlrschler  of  the  Ethyl  CoiT)oration  wrote  as  follows 
concerning  Ms  conta  :  s  with  AMA ; 

“With  th«.  present  .ikelihood  that  competitive  exhaust  devices  may  be  approved 
in  June  and  our  own  device  late  in  1964,  all  of  the  automobile  manufacturers 
are  making  major  efforts  to  find  alternate  mechanical  routes  to  emission  reduc¬ 
tion  for  use  in  1967  models,  to  forestall  the  mandatory  use  of  the  approved  ex¬ 
haust  devices.  The  current  thinking  is  that  with  this  work  in  progress,  no 
manufacturer  of  an  approved  device  is  likely  to  make  his  device  available  for  a 
possiitle  one-.vear  market  on  1966  models.”  (G.T  Ex.  223). 

Grand  Jury  Exhibit  Numlier  418.  dated  May  21,  1969,  a  TRW.  Inc.  document 
also  quoted  in  part,  supra,  at  p.  46,  states  further  in  pertinent  part  as  follows : 

“Mr.  Chandler  asked  that  he  be  given  some  time  in  which  to  explore  this  sub¬ 
ject  among  the  AMA.  He  explained  that  the  smog  working  group,  of  which  he 
is  Vice  Chairman,  reports  directly  to  the  Board  of  the  AMA.  which  includes 
Mr.  Ford,  Mr.  Curtice  and  Mr.  Colbert  among  its  members.  He  implied  that  few 
people  in  the  automobile  industry  appreciate  the  problem.  One  function  of  the 
A\LA  working  group,  he  said,  had  been  to  ‘contain’  the  problem.  His  own  view 
was  that  the  smog  problem  is  not  bad  enough  to  warrant  the  enormous  cost  and 
administrative  problems  of  installing  three-million  afterburners.” 

Dr.  Stuart  L.  Bldgway,  formerly  senior  staff  member  of  the  research  labora¬ 
tory  of  Ramo-Wooiridge.  a  division  of  TRW.  Inc.,  characterized  Chandler  s 
attitude  ns  one  seeking  to  delay  the  development  and  installation  of  anti-smog 
devices.  (Tr.  Vol.  XXIV,  p.  74).  Rldgway  further  testified  tliat  the  automobile 
companies  acted  “in  concert.”  “They  acted  together  and  they  were  all  working 
the  same  wa.v.”  (Tr.  Vol.  XXIV,  p.  75) . 

Ridg^vay’s  further  testimony  was  as  follows : 

“A.  What  I  can  distill  from  a  collection  of  instances,  no  single  one  of  wlncii 
I  can  refer  to,  was  that  they  were  cooperative  in  making  sure  that  no  device 
was  forced  upon  the  automobile  industry  that  would  compromise  the  vehicle. 
This  is  the  language :  this  is  their  position.  In  other  words,  they  would  like  to 
see  the  problem  go  away  and  they  stated  again  and  again  in  all  these  discussions 
if  there  was  a  device  and  it  was  cheap  enough  and  it  didn’t  compromise  the 
vehicle  in  any  way  and  had  no  hazards  they  would  be  right  up  front,  but  what 
they  had  done  collectively,  you  know,  was  to  organize  to  make  sure  that  all  of 
these  criteria,  performances,  of  no  compromise  to  the  vehicle,  of  safety,  any 
reasonable  criteria  that  could  l>e  put  up,  co.st,  these  barriers  they  were  cooiiernt- 
ing  in.  They  were  acting  in  concert.  They  made  organizations  whose  purpose 
was  to  do  these  things.  They  spent  nione.v,  lots  and  lots  of  money  on  instrumeiita- 
tinu,  on  test  tracks,  on  environmental  places,  dynamometers,  to  see  whether  the 
afterburner  would  work  when  the  temperature  was  120  degrees  Fahreidieit  in  a 
driving  rainstorm.”  (Tr.  Vol.  XXIV,  p.  77) . 

Rldgway  also  testified  as  follows  on  the  meaning  of  “contain”  the  i!i-4)blem  as 
attributed  to  Mr.  Chandler : 

“A.  Well,  no,  I  got  the — the  attitude  was  .  .  .  here  was  an  attitude :  I  don  t 
know  whether  it  was  wholly  Chandler’s,  but  between  Chandler  and  Gay,  they 
said  that  they  spent  lots  a:.d  lots  of  money  in  the  development  of  deceleration 
devices,  because  it  was  believed  that  deceleration  was  ‘the’  problem. 

“And  so.  everybody  had  a  deceleration  device,  and,  lo  and  behold,  it  turns 
out  that  decbleratiOB  wasn’t  the  problem.  So,  they  had  spent  all  this  money  for 
nothing. 
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‘•So,  therefore,  th«*.v  had  het*ii  burned.  And  the.v  were  Kuinf;  tti  make  at)f<oUdel,v 
sui-e.  Brst,  that  the  iiroblem  was  really  well  underototal.  and  that  no  device  that 
would  cause'  any  detriment  to  tiie  i»erformunce  of  the  car,  or  anything,  would  he 
forced  down  their  throats. 

"So,  it  was  clear  that,  from  their  point  of  view,  this  thing  was  a  defensive 
organization.”  (Tr.  Vol.  XXIII,  p.  2-1). 

As  to  an  agreement  among  the  .signatories  to  the  cross-licensing  agreement 
to  eliminate  the  comitetition  of  third  parties  in  the  development  of  motor  vehicle 
air  imllution  control  etpilpment.  the  evidence  is  as  follows  : 

Dr.  Ridgway  testified  that  Woodrow  F.  Gaines,  also  a  TRW  employee,  told  him 
that  a  Ford  executive  (Gaines’  stepfather)  reported  that  GM  had.  in  in¬ 

creased  its  valve  purchases  from  TRW  liy  25%  in  returti  for  TRW  going  "slow" 
on  development  of  its  pollution  control  device.  (Tr.  Vol.  XXIII,  pj).  50-.‘)(S:  Tr. 
Vol.  XXIV,  p.  327).  Mr.  Gaine.s,  now  employe<l  by  the  Missile  Division.  Chrysler 
Corporation,  testified  that  tlie  source  of  this  report  was  ntiot  r  TRW  emiiloyee. 
a  technician  in  the  automotive  research  lab,  whose  name  he  ci.uld  not  recall,  and 
that  he  was  not  a  Ford  exe<'Utive.‘'’  (Tr.  Vol.  XXXIll.  pp.  13-15).  He  also  testified 
that  as  the  story  originally  came  to  him,  the  increase  in  orders  was  for  i)istous, 
not  valves,  and  the  increase  was  in  payment  of  patent  rights  purchased  liv  GM 
from  TRW.  (Tr.  Vol.  XXXIII.  pp.  10-11). 

In  response  to  our  additional  suh(H)ena  duren  tecum.  TRW  supplied  us  with  the 
numbers  of  units  and  dollar  amounts  of  sales  to  GM  for  valves  and  pisions  for 
the  years  1959.  19(i0.  and  1961.  Taking  1959  as  the  ba.se  year.  GM's  valve  |mr- 
cliases  from  TRW  increased  by  apiiroximately  19%  in  1900.  and  dts-lined  by  a 
minimal  amount  in  1901.  In  19,59.  GM  purcha.seil  no  pi.stons  from  TRW.  In  1!>00. 
G.M  purchased  )|!8.i)-10  wortli.  In  1901  the  amount  purcliased  was  !S‘2.50.32I.  'I'otal 
industry  passenger  car  sales  in  the  United  States  in  1900  were  approximately 
19%  ahead  of  1959  sales,  and  IfMil  sales  were  a  minimal  amount  below  tlie  1959 
sales.  It  is  apparent  tliat  the  G.M  increase  in  valve  purchases  from  TRW  in  1900 
can  rationally  be  accounted  for  by  a  rising  sales  increa.se.  It  is  further  apparent 
that  tiie  1961  valve  purchases  followed  industry  sales  closely.  At  the  same  timi*. 
from  1959  to  1901.  GM's  share  of  the  market  increa.sed  from  45.7%  to  49.3%.  One 
iniglit  even  have  experienced  that  value  purchases  from  TRW  would  have  in¬ 
creased.  As  for  the  increase  in  piston  sales  by  TRW  to  GM  in  1961,  the  total 
ssiles  figure  of  li!25(),3'21  seems  much  too  low  a  “compensation'’  for  TRW  to  go 
slow  on  a  program  in  which  the.v  had  spent  approximately  $1  million. 

Additional  witnesses  from  TRW  were  called  before  the  grand  j’’ry  but  shed  no 
ligltt  on  any  pressures  applied  to  TRW  by  automobile  companit  f  in  rliis  field 
which  are  based  upon  TRW’s  position  as  a  supplier  of  products  to  the  automobile 
industry.  Thus  we  have  not  develoited  evidence  that  any  signatory  to  the  cross- 
licen.sing  agreement  attemiUed  in  an.v  way  to  interfere  with  tlie  efforts  of  any 
of  the  four  independeut  device  manufacturers  in  developing  pollution  control 
eipiiiiment,  whether  or  not  such  persons  were  suppliers  of  jiroducts  lo  ilie  auto 
mobile  indvistry.  Moreover.  *^116  evidence  does  not  show  that  the  industry  ai 
uouucement  of  the  1967  target  date  and  subsequent  utilization  of  tlieir  own  sy.' 
terns  on  1966  models  was  a  concerted  efifort  by  them  to  boycott  the  d“vic(“s  ap- 
liroved  by  the  MVPUB  of  California. 

As  a  matter  of  fact,  continued  work  in  the  air  pollution  control  equipmout  field 
by  outside  concerns  has  been  iirompted  by  encouragement  from  the  automobile 
industr.v.  Mr.  M.  F.  Venema.  President  and  Chairman  of  the  Board  of  Directors 
of  Universal  Oil  Products  Company.  (UOP).  testified  that  General  Motors  told 
them  that  they  will  need  a  device  in  addition  to  tiieir  air  injection  systems  in 
order  to  meet  future  criteria.  ( Tr.  Vol.  XXXIX.  p.  44).  POP  is  now  supjilyin.g  GJI 
with  cat.alysts.  (Tr.  Vol.  XXXIX.  p.  43).  Venema  stated  that  the  industry's 
attitude  is  much  better  today  than  it  was  years  age  in  tiiat  tlie  industry  now  feels 
it  can  gain  from  outsiders  as  compared  to  “thei-  cling  a  few  years  back  that 
the  outsiders  were  more  intruders  than  heliters."  r.  Vol.  XXXIX.  p,  43). 

Witli  re.spect  to  various  a.s|iects  of  the  entire  siluation  under  investigation  here, 
some  significant  admissions  by  .John  D.  Caplan.  head  of  the  Fuels  and  lailiricants 
Department,  General  Motors  Corporation,  and  former  Chairman  of  the  VCP.  are 
contained  in  Grand  Jury  Exhibit  Number  491.  d.ited  December  9,  1965.  Jir.  ( 'ap¬ 
ian’s  remarks  are  in  response  to  a  request  by  Louis  C.  Lundstrom.  Director,  Auto¬ 
motive  Safety  Engineering,  GM,  for  Caplaii’.s  review  of  and  comments  on  Cliapter 
4  of  the  book  entitied  “Unsafe  at  Any  Speed”  by  Ralph  Nader.  Chapter  4  deals 
by  stating  that  “you  will  note  that  I  have  not  limited  my  review  only  to  criticisms 
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(if  the  chapter  but  have  also  acknowledged  areas  whereiu  Xader’s  comments  umy 
be  valid.”  (Tr.  Vol.  XXXV,  p.  55;  GJ  Ex.  491).  Referring  to  specific  page.s  of  the 
liook.  C'aploii  made  inter  alia  the  following  comments : 

l‘utje  lot:  "(a)  The  million  doliar  a  year  industry  exiienditure  citeil  on  this 
oiige  is  (»ptimisticuil.v  high  for  the  JfiSJ  era.  .  .  .  (G.J  Ex.  491,  p.  ;i;  Ti.  \ Ol. 
XXXV.  p.  55).” 

Page  tOo:  "Nader's  statement  that  the  California  Ml'l’CR  action  in  certifying 
the  four  devices  'moved'  the  automobile  industry  manugemeni  l  i  up  tbc  targd 
date  from  the  19(17  to  the  1906  model  year  a|>i*ears  valid.  However,  he  fails  to 
point  out  that  this  could  lie  done  only  after  the  MVl’CB  cooiierated  lo  the  extent 
of  allowing  exemptions  for  the  liltld  model  .year  on  manv  engine-transtui.ssion  <-oni- 
binations.”  "  (GJ  Ex.  491,  pp.  3-4 ;  Tr.  Vol.  XXV.  p.  56). 

Page  106:  “(a)  The  comment  that  the  industry  was  guilty  of  'only  speaking 
with  one  voice’  in  the  automobile  air  ladlution  area  is  true.  Although  individual 
company  technical  iiersoiiiiel  were  allowed  to  present  'conipany’  technical  [laiiers. 
I'sscMti  'llv  ii'l  oti>' r  tyiies  of  ureiioiinceineiits  emanated  only  from  AMA  state¬ 
ments.’  ( G.T  Ex.  491.  p.  4 ;  Tr.  Vol.  XXXV.  p.  56) . 

Page  107:  "Mr.  Xader’s  remarks  concerning  the  basic  isstie  ( itaragraiili  .3) 
appear  to  he  the  crux  of  this  chapter.  Ills  criticism  of  the  lack  of  recognition  of 
the  problem  and  lack  of  work  on  the  problem  by  the  industry  is  easily  refuted. 
Where  we  must  give  the  'devil  hl.s  due’  i.s  in  the  area  of  implementalion  of  oiir 
findings.  Does  such  implementation  occur  only  in  response  to  legislative  pressure 
and  public  criticism?  Development  of  material  to  refute  this  criticism  is  diifieult  ” 
(GJ  Ex.  491,  p.  4 ;  Tr.  Vol.  XXV,  p.  57). 


FOOTNOTBS 

I  Mountains  surround  the  Los  Angeles  basin  on  three  sides  with  hut  oiu'  oiitli  f  to  ttie 
iMs'iUi.  This  basin  also  has  a  unique  condition  called  temperature  InviMsion.  Oriliiiurilv  the 
I'lr  tiecomi's  cooler  the  higher  It  rises.  In  the  Los  Angeles  area,  during  inversion  peri, ids 
the  polluted  air  Is  trapped  beneath  an  Invisible  celling  of  wrarmer  air  thus  preveutiog  the 
uormal  upward  flow  of  air  pollutants  to  a  level  where  It  would  he  dlsslpnti'd  or  diliitod 
Thus  a  concentration  of  air  pollutants  occurs  to  varying  degrees,  dt'in'iullug  on  liio  hcigh.t 
of  the  Inversion  lid.  Too.  In  this  area,  weak  winds  prevail  which  at  times  stiign.ite  coin- 
p!etel.v.  lacking  the  velocity  to  blow  the  pollution  rapidly  out  of  the  basin,  tlois  giving  tlie 
iihnnilant  sunshine  of  southern  California  ample  time  to  iireducc  the  photocheiuiial  rem- 
tlons  hetwi'en  the  pollutants  more  fully  defined  uereln  as  “smog.” 

2 1, os  Angeles  County  has  the  highest  registration  of  cars  per  person  i2.:l  i>ersons/car) 
(if  any  county  in  the  United  States. 

II  As  late  as  July  30,  1963  Motor  Vehicle  Pollution  Control  Board  (MVPrpi  offieials- 
visiting  Hetrolt  were  told:  “based  on  the  time  that  It  takes  to  develop  auv  new  inmivatien 
in  motor  c.ar  design,  the  solution  of  the  smog  problem  by  the  antonioliile  Indiisirv  was 
prohahly  7  to  10  years  away  .  .  (Tr.  Vol.  XXXVITI.  pp.  7-0;  O.T  Ex.  ’227).  As  lierein 
after  shown,  the  Industry  was  able  to  and  did  install  exhaust  systems  or  devh  es  in  late 
106.1  on  1966  models  when  forced  to  do  so. 

*  AM.A  now  employs  a  full-time  president.  (Tr.  Vol.  XVITI,  pp.  54-55  :  G  J  Ex.  .'ii'ni  i . 

»  The  eross-llcenslng  agreement  provides  as  follows  : 


"AETICLB  V - EXCHANGE  OF  TECHNICAL  DATA  AND  IXFOUM.ATIi iX 

‘•F.ncli  of  the  parties  hereto  further  agrees  to  exchange  through  Us  antlmrizeil  reiirc- 
sentativc  wrlth  representatives  of  the  remaining  parties  hereto  all  technical  data  and  other 
inform.ition  pertaining  to  said  Licensed  Devices.  Such  exchange  of  teehnieal  data  and 
other  Information  shall  be  conducted  under  the  direction  of  the  vvhicle  romhustimi  Prnd- 
ncts  Suficomralttee  of  the  Engineering  Advisorv  Committee  of  the  Autoinohile  Manufac¬ 
turers  Association,”  (GJ  Ex.  263,  264.  265.  and  266). 

"The  significance  of  the  AMA  Suggestion  Submission  .Agreement  Is  illustrated  hv  the 
following  pertinent  excerpts  from  a  letter  of  October  7,  1960  written  by  R.  II.  Ishr'andt. 
Director,  Automotive  Engineering,  American  Motors  Corporation  : 

■As  p.xpjained  in  our  meeting  on  September  21st,  the  automotive  companies,  working 
through  the  Automobile  Manufactures  Association,  have  agreed  that  the  treatment  of 
exhaust  gas  Is  an  industry  problem  which  will  be  bandied  on  a  cooperative,  basis.  The 
-A. jf.A.  Submission  Agreement  was  developed  to  be  used  b.v  all  antomohile  eompnnies  in 
evaluating  exhaust  devices  which  are  submitted  for  test.  This  assures  that  there  w  ill  be 
iin  Interchange  of  Information  between  the  automobile  companies  and  that  no  oni'  coinimnv 
will  attempt  to  take  competitive  advantage  of  any  solution  which  is  developed  in  our 
current  test  progr^.  For  this  reason  we  have  requested  that  you  sign  the  Siibnds- 

slon  Agreement.  Other  suppliers,  including  chemical  manufacturers  have  signed  this 
agreeinent  reco^lzlng  that  there  Is  no  desire  on  the  part  of  any  automobile  companv  to 
do  anything  th^  would  be  detrimental  to  any  supplier  who  can  come  up  with  a  solution  to 
this  nroblem,  (GJ  Ex.  534). 

’’  ^  attempt  was  made  In  1963  to  broaden  the  scope  of  the  cross-licensing  agree- 

tke  restrictions  that  are  currently  preventing  adequate  discussion  of 
to  solutions  (GJ  Bx.  305)  the  attempt  ^as  dofeaterl  bv  tbo 
^position  of  GM.  Thl«  is  explained  in  a  GM  internal  communication  from  H.  F.  Bafr  its 

® 

endeavor  to  permit  technical  discussion,  the  Bnglneerinp  Advisory  Committcp 
agr^ment  A.M.A.  Patent  Committee  to  propose  broader  language  for  tho 
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••3.  In  subsequent  review  of  the  proposed  action  for  the  A.M.A.  Board  of  Dlrecto's,  In 
our  En;;lneerlng  Policy  Group  meeting  of  March  20,  1U63,  our  niunagement  reathrmtHl 
that  the  A.M.A.  agreement  should  not  be  changed  In  this  way.  On  April  30,  the  E.A.C. 
further  discussed  this  proposai,  with  G.M,  being  the  only  menrber  opposed  to  extending  tin- 
agreement  to  other  areas. 

"4.  The  basic  trouble  with  this  problem  Is  the  Involvement  of  (1)  an  established  cross 
licensing  agreement  for  hardware  now  established,  with  (2)  a  need  for  technical  discus¬ 
sion  and  exchange  of  Information  in  broader  areas.  We  feel  that  these  are  two  separate 
items  and  need  not  be  combined  in  a  new,  broader  cross  licensing  agreement  for  non¬ 
existent  hardware.”  (GJ  Ex.  32S). 

“The  fact  that  on  occasions  the  pcv  was  offered  as  optional  equipment  Indicates  tin- 
ability  to  supply  this  air  pollution  control  equipment,  yet  the  auto  manufacturers  dltl  not 
install  them  on  all  models  quite  evidently  because  of  the  agreement  previously  referred  to. 

V  This  illustrates  that  bar  an  agreement,  competition  to  research,  develop  and  manu¬ 
facture  pollution  control  devices  would  stimulate  and  compel  rather  than  delay  the  in¬ 
stallation  of  devices  by  all  companies.  (Tr.  Vol.  XXX,  p.  147). 

“■  The  testimony  was  mat  tins  tecbmciau  was  known  us  Olle.  We  called  TKW  an  otlicial 
nauietl  Uhiy  as  a  witness,  but  ascertained  that  he  was  not  the  person  involved.  We  have 
learned  since  the  last  grand  jury  session  that  the  person  Involved  is  .Merle  E.  Olson  of 
A'liesterland,  Ohio.  From  our  experience  In  this  matter,  however,  we  doubt  that  his  testimony 
will  be  helpful. 

o  California  State  regulations  permitted  only  2%  exemptions.  At  almost  less  than  4'., 
Were  exempted  (Askew,  Tr.  Vol.  XXXVIII,  p.  22). 

[From  the  Congressional  Record,  Sept.  3,  1969] 

CONGRESSMEK  URGE  OPEN  TRIAE  IN  SMOG  CONTROL  ANTITRUST  CASE 

(Mr.  BROWN  of  Califoruia  asked  aud  was  given  permission  to  address  the 
House  for  1  minute,  to  revise  and  extend  his  remarks  aud  include  extraneous 
matter,  j 

Mr.  BROWN  of  California.  Mr.  Siieaker.  it  is  futile  to  try  to  compromise  the 
(luality  of  our  environment.  Yet,  that  is  just  wliat  will  haiipen  if  tlie  Justice 
Department  is  pressured  into  allowing  a  consent  decree  to  lie  issued  in  tlie 
[lending  antitrust  suit  against  automobile  mauufacturers  who  are  charged  with 
cous[>irlug  to  prevent  si»eedy  development  and  installation  of  antismog  devices. 

Today,  I  have  joined  with  18  of  my  colleagues  in  tlie  Hou.se  in  sending  to 
Attorney  General  Mitcliell  a  letter  reipiesting  tliat  an  oiien  trial  lie  held  in  this 
vital  case.  Pretrial  discussions  liave  been  underway  for  some  time,  and  it  is 
[Kissiiile  a  decision  on  wlietlier  to  hold  a  trial  or  go  to  decree  niiglit  be  made 
any  day  now. 

Intense  lobbying  being  applied  by  the  Washington  counsel  for  the  Automoliile 
Manufacturers  Association — AMA  is  one  of  the  defendants  along  with  the  four 
major  oar  makers — aims  to  have  the  Justice  Department  agree  to  a  nolo 
contendere  plea,  and  then  have  the  Department  put  out  a  consent  decree.  Such 
a  consent  judgment  admits  no  liability  for  the  alleged  charges,  and  so  it  becomes 
notliiiig  more  than  a  slight  tap  on  the  wrist  for  the  manufacturers. 

We  tielieve  this  case  is  one  of  tlie  most  vital  suits  ever  instituted  by  the  Justice 
Department,  and  we  see  it  representing  a  major  forward  ste|>  in  the  campaign  for 
effective  air  pollution  abatement.  It  must  not  be  nullitied  or  circumvented. 

Mr.  Sjieaker.  at  this  point,  I  would  like  to  insert  into  the  Record  copies  of 
the  letters — my  initial  letter  sent  last  week,  and  tlie  letter  signed  by  mv  is 
colleagues — which  were  sent  to  the  Justice  Department : 


Hon.  John  N.  Mitchell, 

Attorney  General  of  the  United  States, 
Washington,  D.C. 


House  of  Representatives. 

Washington,  D.C.,  August  29,  J9ii9. 


Df\i.  AIr.  Aitobney  Gp-EBAL:  Over  the  last  twenty  years.  Soutiiern  California 
residenrs  have  been  subjected  to  ever-increasing  amounts  of  air  pollutants  at  a 
rate  winch  seriously  threatens  both  human  health  and  the  complete  delicate 
ecology  of  the  area.  Although  vigorous  efforts  by  state,  local  and  Federal  officials 
have  succeed^  in  reducing  many  of  the  major  polluting  factors,  a  prime  cau.se 
of  fills  air  ixillution  continues  to  be  motor  vehicle  exliaust  eiuissions. 

As  the  problem  grew  more  dangerous,  numerous  government  officials  at  all  levels 
pressed  automobile  manufacturers  to  develop  and  produce  effective  anti-smog 
engines  and  control  devices.  But,  generally,  response  from  manufacturers  lias 
been  disappointing.  In  a  letter  to  President  Johnson.  Los  An,geles  Couni  v 
8U|iervisor  Kenneth  Hahn  noted  in  1965  that  “Now,  after  twelve  years  of 
( on  espondence  ...  I  have  found  out  that  you  cannot  ‘cooperate'  or  urge  them 
'voluntarily’  to  do  the  job.” 
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Tbe  Justice  Department’s  anti>tru8t  suit  now  pending  against  the  niHiiii- 
faeturers  and  the  Automobile  Manufacturers  Association  represents  a  crucial 
forward  step  in  the  drive  for  effective  air  iiollution  abatement.  The  cost  to  the 
American  public — in  terms  of  ill  health  and  enrirunmental  damage— resulting 
from  tbe  alleged  collusion  has  been  huge. 

It  is  my  understanding  that  pre-trial  negotiations  are  now  underway  between 
Justice  Department  and  tbe  defendants,  and  that  chances  are  good  that  a  consent 
judgment  may  be  reached  in  this  case  and  that  there  would  then  be  no  open  triiil. 

I  believe  that  the  overriding  significance  of  this  ease  makes  it  Imperative  that 
an  open  trial  lie  held,  and  I  urge  you  to  push  for  such  a  trial.  The  alleged  actions 
of  the  defendants  are — if  tme — reprehensible,  and  full  and  complete  pul)lic 
knowledge  of  them  should  be  brought  before  the  public.  I  do  not  feel  that  tbe 
laiblic  Interest  in  served  in  this  case  by  closed-door  negotiations. 

I  am  also  worried  that  a  plea  of  nolo  contendere  and  a  consent  judgment  would 
leave  many  municipalities  and  other  government  units  who  are  closely  following 
this  case  without  sufficient  legal  grounds  to  institute  damage  suits. 

In  addition,  the  case  offers  the  opportunity  to  rule  on  some  important  prece- 
ilents.  The  question  of  joint  responses  by  a  manufacturers  association  plays  a 
key  rule  in  this  case,  and  the  Justice  Department’s  prayer  is  isitentially  a 
landmark  position.  Another  area  is  that  of  itruduct  fixing  to  limit  competition, 
and  I  would  hope  that  the  full  force  of  the  law  is  brought  to  bear  in  order  to 
defer  this  sort  of  collusion. 

I  fully  believe  that  this  case  may  be  one  of  the  most  vital  suits  ever  institiited 
by  the  Justice  Department,  and  again  I  urge  y<iu  to  do  all  you  can  to  hold  an 
ojien  trial. 

Sincerely, 


Georoe  E.  Brown.  Jr.. 


Member  o/  Coni/rriiit. 


HOfSE  OF  Ria>RE8ENT.\TIVES, 

WatihingtoH,  D.C..  tfeptemher  i. 

Hon.  John  N.  Mitchell, 

Departnwnt  of  Justice, 

Washington,  D.C. 

De-vr  Mr.  Mitchell;  We  are  writing  to  indicate  our  concern  over  the  i)ersistent 
and  disquieting  reports  that  the  Department  of  Justice  is  about  to  compromise 
one  of  the  most  important  antitrust  ca.ses  affecting  the  health  and  welfare  of 
the  -American  people.  We  are  aware  of  the  closed-door  negotiations  now  taking 
place  between  the  automobile  industry's  lobbyists  and  the  Department,  nego¬ 
tiations  which  may  lead  to  a  consent  decree  in  the  Department’s  case  against 
the  Automobile  Manufacturers  Association  (AMA),  General  Motors,  Ford, 
Chrysler  and  American  Motors. 

Earlier  this  year,  your  predecessors  in  the  Department  resisted  extraordinary 
industry  pressures  and  filed  a  civil  complaint  against  the  defendants — (although 
the  Department  did  decline  to  ask  for  a  criminal  indictment,  as  its  investigating 
attorney  had  requested).  The  complaint  alleges  generally  that  the  automol)ilc 
companies,  operating  under  the  auspices  of  the  AMA,  joined  togetlier,  thrfmgli 
tlie  device  of  a  cross-licensing  agreement — to  suppress  research.  develoi)meiil 
and  application  of  pollution  control  devices.  The  more  import.-nit  allegations 
charges  that  the  companies  agreed  to  pursue  researcli,  development,  manu¬ 
facture  and  installation  of  pollution  control  devices  on  a  non-competitive  basis, 
that  they  agreed  to  seek  joint  appraisal  of  jtatents  submitted  by  jiersous  not  ,-i 
party  to  the  cross-licensing  agreement,  and  that  they  agreed  on  at  least  tine;* 
occasions — in  1961,  1962,  and  1964 — to  attempt  to  delay  installation  of  motor 
vehicle  air  pollution  control  equipment. 

These  allegations,  if  proved  true,  mean  that  the  defendants  liear  resi>onsibiIity 
for  a  great  share  of  the  Injury  to  human  health  and  the  many  millions  of  dollars 
in  economic  injury  resulting  from  automobile  pollution.  If  the.se  charges  are 
true,  the  American  people  have  a  right  to  l>e  fully  informed  of  this  outragemis 
corporate  callousness  by  a  full  and  oiten  trial  of  the  issues  involved.  We  fear, 
however,  that  the  American  people  will  be  denied  their  right  to  know  the 
full  story.  We  fear  that  the  entire  Incident  will  be  covered  over  by  a  legal  deal 
arranged  between  the  Department  and  the  AMA’s  Washington  counsel. 

The  representations  made  to  your  Department  by  this  law  firm  do  not  include, 
we  are  sure,  the  following  information : 
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Tliat  tbe  automobile  is  responsible  for  dumping  more  than  00  million  tons  of 
Iiolluants  into  tbe  atmo^bere  each  year,  more  than  twice  as  much  as  any  other 
single  pollutor. 

That  the  automc^ile  accounts  for  91%  of  all  carbon  monoxide,  63%  of  the 
uuburned  hydrocarbons  and  48%  of  the  oxides  of  nitrogen  emitted  from  all 
sources. 

That  doctors,  in  a  single  year,  advised  10,000  people  to  move  away  from  Los 
Angeles  because  of  the  harmful  effects  of  air  pollution.  (Automobile  pollution 
represents  85%  of  the  contaminants  emitted  into  the  ambient  air  of  Los  Angeles 
daily). 

That  air  pollution — of  which  motor  vehicles  account  for  approximately  HO'/r 
natioimlly — contains  serious  toxic  substances  as-sociated  with  higher  rules  of 
illness  and  mortality  from  emphysema,  long  cancer,  chronic  bronchitis  and 
heart  diseases. 

Professor  Barry  Commoner,  leading  authority  on  ]K>lIntion,  said  ju.«t  last  week  : 

•‘Once  the  automobile  is  allowed  out  of  the  factory  and  transformed,  it 
then  reveals  itself  as  an  agent  which  has  rendered  urban  air  carcinogenic,  bur¬ 
dened  human  bodies  with  nearly  toxic  levels  of  carbon  monoxide  and  lead, 
embedded  pathogenic  particles  of  asbestos  in  human  lungs,  and  contrilmted 
significantly  to  the  pollution  of  surface  waters.’’ 

The  time  remaining  for  us  to  return  our  environment  to  a  livable  state  is 
short,  and  if  the  allegations  contained  in  the  Department’s  complaints  are  proved 
true,  the  automobile  companies  have  deliberately  and  cynically  wasted  lifteeii 
precious  years.  The  Los  Angeles  County  Board  of  .Supervisors  has  charged 
that  if  the  automobile  companies  had  sincerely  devoted  their  energies  to  the 
air  pollution  problem  in  California  during  the  years  1053-1956,  “air  pollution 
from  automobiles  would  have  ceased  to  be  a  problem  b.v  1966  .  .  .” 

If  the  defendants  in  this  case  are  indeed  culpable,  a  consent  decree  of  almost 
any  kind  would  undermine  the  penalties  of  the  antitrust  laws  designed  to  deter 
future  adventures  into  collusion.  There  would  be  no  imblic  acknowledgement 
by  a  public-relations  conscious  industry  of  its  responsibility  for  the  appallingly 
slow  progress  in  air  pollution  control.  Furthermore,  a  consent  decree  would  raise 
formidable  barriers  to  the  many  treble  damage  suits  which  could  be  founded 
on  an  open  trial  and  full  public  record  of  the  defendants’  activities. 

Many  municipalities  are  closely  following  this  case  with  a  view  toward 
bringing  followup  actions  for  pollution  damage  to  health,  property  and  local 
economies,  much  in  the  same  way  that  states  and  municipalities  brought  follow¬ 
up  suits  in  the  Library  Book  Casen.  Then  also,  there  are  a  number  of  businessmen 
who  invested  large  sums  in  pollutiou-control  research,  many  of  whom  cl  iini 
that  they  were  injured  by  the  ASIA  agreement.  Furthermore,  it  is  conceivable 
that  this  would  open  up  a  new  area  for  class  actions  to  be  brought  on  behalf 
of  thousands  of  people.  But  a  consent  decree  might  mean  that  the  thousands  of 
pages  of  evidence — collected  by  federal  investigators  over  the  course  of  a 
two-year  study  at  a  cost  of  many  thousands  of  dollars — would  be  left  to  collect 
dust  in  the  Department’s  file,  forever  lost  to  private  litigants.  Tiii.s.  of  course,  is 
what  the  auto  industry  wants.  We  hope  that  the  Department  does  not  become 
an  accomplice  in  the  industry’s  attempt  to  avoid  redressing  the  injuries  which 
it  may  have  caused. 

In  addition,  a  consent  decree  would  mean  that  the  Department  is  surrendering 
a  unique  opportunity  in  a  particularly  strong  case  to  have  the  courts  rule  on 
imitortant  landmark  legal  questions.  For  one,  the  Department’s  complaint  re¬ 
quests  that  the  AMA  be  restrained  from  making  joint  responses  to  government 
regulatory  agencies  with  regard  to  information  concerning  air  pollution  control 
technology.  Should  the  Department  prevail  on  this  question  in  court,  it  would 
do  much  to  make  public  an.v  diversity  of  opinion  wliich  may  exist  among  auto¬ 
mobile  manufacturers  in  tb“  field  of  air  iHillution  control.  In  addition,  the 
l>ef«rtment  would  have  a  ne.?  weapon  in  its  arsenal  to  loo.seu  the  death-grip 
which  many  trade  associations  hold  over  weaker  members.  Secondly,  there 
is  the  important  issue  of  “product  fixing”,  the  joining  together  of  manufacturers 
to  limit  competition  for  product  quality.  Until  recently,  the  main  thrust  of  aiiti- 
tru.st  law  enforcement  has  generally  been  limited  to  price  fixing  and  a  ruling 
on  protluct  fixing  might  deter  a  practice  which  is  all  too  common  in  many  Ameri¬ 
can  industries. 

If  the  defendants  have  broken  the  antitrust  laws,  and  are  responsible  for 
the  adverse  health  and  ec"ouomlc  effects  of  automotive  pollution,  then  they  must 
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be  prepared  to  bave  the  law  api^ed  with  full  force.  Tbe  Adudniatratioii 
I)roiiiised  to  see  that  tbe  rlgbta  of  Tlctima  would  be  protected  along  with  the 
rights  of  law-violators.  In  this  situation,  an  open  public  trial  would  help  showi 
that  this  Administration  considers  corporate  lawlessness  on  no  different  footing 
than  an.v  other  violation  of  taw. 

Sincerely, 

John  A.  Blatnik,  George  Brown,  Phillip  Burton,  Shirley  Chisholm, 
John  Conyers,  Jr.,  Boh  Ek^khardt.  Pon  Edwards,  Leonard  Farb- 
stein,  Donald  Fraser,  Andrew  Jacobs,  Joseph  Karth,  Edward 
Koch,  Allard  Lowensteln,  Richard  Ottinger,  Betrani  Podell.  Ben¬ 
jamin  Rosenthal,  Eldward  Roybal,  Robert  Tiernau,  Charles  Wilson. 

Next,  and  because  it  l.s  such  an  important  suit.  I  shall  insert  a  copy  of  the 
Justice  I  >eiiartment’s  complaint  against  the  manufacturers : 

[U.S.  District  Court,  Central  District  of  California,  Civil  Xo.  6t>-75-^WC,  Filed 

January  10,  lih^] 

United  St.\te8  of  America,  Plaintiff,  v.  Automobile  Mani'factubf.rs  Asso<-ia- 

TioN.  iNc, :  General  Motors  Corporation;  Ford  Motor  Company;  Chrysler 

Corporation  ;  and  American  Motors  Corporation,  Defendants 

Complaint 

Tbe  United  States  of  America,  plaintiff,  by  its  attorneys,  acting  under  the 
direction  of  the  Attorney  General  of  the  United  States,  brings  this  civil  action 
against  the  defendants  named  herein,  and  complains  and  alleges  as  follows : 

I 

J uriidiction  and  Venue 

1.  This  complaint  is  tiled  and  these  proceedings  are  instituted  under  Section  4 
of  the  Act  of  Congress  of  July  2,  1800,  as  amended.  (15  U.S.C.  §4).  commonly 
known  as  the  Sherman  Act,  in  order  to  prevent  and  restrain  continuing  violation 
by  the  defendants,  as  hereinfater  alleged,  of  Section  1  of  the  Sherman  Act. 

2.  Each  of  the  corporate  defendants  named  herein  transacts  business  and  is 
found  within  the  Central  District  of  California. 

n 

Defendantu 

3.  -Automobile  Manufacturers  Association,  Inc.,  a  corporation  organized  and 
existing  under  the  laws  of  the  State  of  New  York  with  its  principal  place  of 
business  in  Detroit,  Michigan,  is  made  a  defendant  herein.  Automobile  Manu¬ 
facturers  -Association,  Inc.,  is  a  trade  association  whose  membership  consists 
mainly  of  firms  engaged  in  the  business  of  manufacturing  and  selling  motor 
vehicles  and  component  parts  and  accessories  thereto  in  various  states  of  the 
United  States. 

4.  The  Coriwrations  named  below  are  made  defendants  herein.  Each  of  said 
corporations  is  org  nlzed  and  exists  under  the  laws  of  the  State  Indicated  and 
has  its  principal  place  of  business  in  the  city  indicated.  Within  the  period  of 
time  covered  by  this  complaint  said  defendants  have  primarily  engaged  in  the 
business  of  manufacturing  and  selling  motor  vehicles  in  various  states  of  the 
United  States,  and  also  manufacture  and  sell  component  parts  and  accessories 
thereto. 

Defendant  corporation.  General  Motors  Corporation;  State  of  incorporation, 
Delaware ;  principal  place  of  business,  Detroit,  Michigan. 

Defendant  corjioration.  Ford  Motor  Company;  State  of  incorporation,  Dela¬ 
ware  ;  principal  place  of  business.  Dearborn,  Michigan. 

Defendant  corporation,  Chrysler  Corporation;  State  of  incorporation,  Dela¬ 
ware  ;  principal  place  of  business.  Highland  Park,  Michigan. 

Defendant  corporation,  American  Motors  Corporation ;  State  of  Incorporation, 
Maryland ;  principal  place  of  business,  Detroit,  Michigan. 

5.  AVhenever  in  this  complaint  reference  is  made  to  any  act,  deed  or  transaction 
of  a  corjiorate  defendant,  such  allegation  shall  be  deemed  to  mean  that  said 
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corporation  engaged  in  said  act,  deed  or  transaction  by  or  through  Its  officers, 
dirwtors,  agents  or  employees  while  they  were  actively  engaged  in  the  munage- 
ment,  direction  or  control  of  corporate  business  affairs. 

m 

Co-con$pirator« 

6.  Each  of  the  corporations  listed  below  in  this  paragraph  is  not  imineil  a 
defendant  herein  but  Is  named  as  a  co-conspirator  and  has  nurticiimtetl  as  a 
co-consiilrator  with  the  defendants  in  the  offense  hereinafter  charged  and  has 
Ijerforined  .acts  and  made  statements  in  furtherance  thereof. 

Coriioration,  Checker  Motor  Corporation  (successor  to  Cliecker  Cab  Manu¬ 
facturing  Corporation);  State  of  incorporation,  Xew  Jersey;  principal  place 
of  hii.siues.s,  Kahtniazoo,  Michigan. 

(’orporation.  Diamond  T  Motor  Car  Comitany ;  State  of  incorporation.  Illinois ; 
principal  place  of  business,  Cleveland.  Ohio. 

Corporation,  International  Harvester  Company  (a  consolidation  of  In.i'i-na- 
tional  Harvester  Company,  a  New  Jersey  Corporation,  and  International  Harv¬ 
ester  Corporation,  a  Delaware  Corporation)  ;  State  of  incorporation,  Delaware; 
principiil  place  of  business,  Chicago,  Illinois. 

CoriM>nition,  Stndebaker  Corporation  (sueces-sor  to  Stndcbaker-l'ackard  Cor- 
lM)ratiou)  ;  State  of  incorporation,  Michigan;  principal  place  of  business.  Sontli 
Bend,  Indiana. 

Corporation,  Wliite  Motor  Corporation  (successor  to  Tlie  White  Motor  Com¬ 
pany)  ;  State  of  incorporation,  Ohio;  priiicii>al  place  of  business,  Cleveland, 
Ohio. 

Corporation,  Kaiser  Jeep  Corporation  (.successor  Willys  Motors,  Inc.,  a  renn- 
.sylvauia  Corporation)  ;  State  of  incorporation,  Nevada;  principal  place  of  busi¬ 
ness.  Oakland,  California. 

Corporation,  Mack  Trucks,  Inc.  (succe.ssor  to  Back  Manufacturing  CoiTora- 
tion)  :  State  of  incorporation.  New  York ;  principal  place  of  business.  New  York. 

7.  Various  other  persons,  firms  and  corporations  not  made  defendants  herein 
have  participated  as  co-conspirators  with  the  defendants  in  the  offensive  charged 
in  this  complaint  and  have  performed  acts  and  made  statements  in  furtherance 
thereof. 

IV 

Definition 

K  As  used  herein,  the  term  “motor  vehicle  air  pollution  control  eiiuipnient" 
means  equipment,  or  any  part  thereof,  designed  for  Installation  on  a  motor 
vehicle  or  any  system  or  en^ne  modification  on  a  motor  vehicle  which  is  designeil 
to  cause  a  reduction  of  pollutants  emitted  from  the  vehicle,  including,  but  not  liui- 
iterl  to,  any  device  for  the  control  of  emissions  of  pollutants  from  tlie  exhaust 
system,  the  crankcase,  the  carburetor,  or  the  fuel  tank. 

V 

Trade  and  commerce 

f).  Automobiles  for  the  most  part  are  manufactured  In  the  State  of  Jlichigan 
and  are  shipped  therefrom  to  each  of  the  fifty  states  of  the  I’nlte<l  States.  Some 
automobiles  are  assembled  in  various  states  of  the  United  States  from  iwirts 
manufactured  in  the  State  of  Michigan  and  other  states.  In  1066.  TS..315.0(Kt  i>as- 
senger  cars  and  15.864,000  trucks  and  buses,  exclusive  of  off-the-road  vehicles, 
were  registered  in  the  United  States.  In  that  year,  8,604,712  passenger  cars  valued 
at  more  than  $17i/4  billion  and  1,791,587  commercial  vehicles  valued  at  more 
than  $3.0  billion  were  produced  in  this  country.  Of  the  trucks  produced,  OO-.KiO 
were  built  with  diesel  motors. 

10.  The  largest  number  of  passenger  cars  registered  and  new  cars  sold  in  any 
state  of  the  United  States  In  1966  was  In  the  State  of  California  where  7.621 .7ff2 
cars  were  re^stered  and  832,338  new, cars  sold.  The  largest  number  of  passenger 
cars,  registered  in  any  '’ounty  of  any  state  In  the  United  States  in  1960  was  in 
I^s  Angeles  County  wh jre  2,932,&80  cars  were  registered.  Slmllarl.v.  in  1966 
t  alifomla  accounted  for  the  largest  number  of  truck  registrations  and  new  truck 
sales  with  1,542,984  trucks  registered  and  150,927  new  trucks  sold,  and  Uos  An- 
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geles  County  accounted  for  the  largeat  number  of  trucks  registered,  numbering 
436,218. 

11.  Since  at  least  1962  It  has  been  eetabUshed  that  motor  vehicles  contribute  to 
air  jiollutlon  by  the  emission  of  hydrocarbons,  carbon  monoxide,  oxides  of  nitro¬ 
gen  and  other  contaminants.  For  examipl^  in  Los  Angeles  Count. v,  as  of  January 
1967,  gasoline-powered  motor  vehicles  accounted  for  12,465  tons  out  of  a  total  of 
14,610  tons,  or  85.3  percent  of  contaminants  emitted  into  the  ambient  air  daily. 
As  a  result  of  new  and  continuing  requirements  that  automotive  vehicles  Is; 
equlpp^  with  air  pollntlon  control  devices,  a  large  and  growing  market  for  the 
production  and  Installation  of  such  devices  has  dev^oped.  Motor  vehicle  air 
IMllntion  control  devices  are  shligied  in  interstate  commerce  either  as  engine 
or  system  modifications  or  as  equipment  attached  to  automobiles,  which  are 
shijip^  from  Michigan  and  other  states  to  each  of  the  fifty  states  of  the  United 
States. 

VI 

Offense  alleged 

12.  Beginning  at  least  as  early  as  1953,  and  continuing  thereafter  up  to  and 
including  the  date  of  this  complaint,  the  defendants  and  co-conspirators  have 
l>een  engaged  in  a  combination  and  conspiracy  in  unreasonable  restraint  of  the 
af<»resaid  interstate  trade  and  commerce  in  motor  vehicle  air  pollution  control 
equipment  in  violation  of  Section  1  of  the  Sherman  Act  (15  U.S.C.  §1). 

13.  The  aforesaid  combination  and  conspiracy  has  consisted  in  a  continuing 
agreement,  understanding,  and  concert  of  action  among  the  defendants  and  co- 
conspirators,  the  substantial  terms  of  which  have  been  and  are : 

(a)  to  eliminate  all  competition  among  themselves  in  the  research,  develop¬ 
ment,  manufacture  and  installation  of  motor  vehicle  air  pollution  control  equip¬ 
ment  ;  and 

(b)  to  eliminate  competition  in  the  purchase  of  patents  and  patent  rights  from 
other  parties  covering  motor  vehicle  air  pollution  control  equipment. 

14.  For  the  purpose  of  forming  and  effectuating  the  aforesaid  combination  and 
conspiracy,  the  defendants  and  co-conspirators  did  those  things  which  they  com¬ 
bined  and  consifired  to  do.  Including,  among  other  things,  the  following ; 

(a)  agreed  that  all  industry  efforts  directed  at  the  research,  development, 
manufacture  and  installation  of  motor  vehicle  air  pollntlon  control  equipment 
should  be  undertaken  on  a  non-competitive  basis ; 

(b)  agreed  to  seek  joint  appraisal  of  patents  and  patent  rights  submitted  to 
any  of  them  by  persons  not  parties  to  a  cross-licensing  agreement  entered  into 
on  .Inly  1,  1955,  and  amended  and  renewed  periodically,  and  to  require  “most- 
favored-purchaser”  treatment  of  all  parties  to  the  cross-licensing  agreement  if 
any  one  were  licensed  by  a  person  not  a  party  to  that  agreement ; 

(c)  agreed  to  install  motor  vehicle  air  pollution  control  equipment  only  upon 
a  uniform  date  determined  by  agreement,  and  subsequently  agreed  on  at  least 
three  separate  occasions  to  attempt  to  delay  the  installation  of  motor  vehicle 
air  pollution  control  equipment : 

(1)  in  1961  the  defendants  agreed  among  themselves  to  delay  installation  of 
“positive  crankcase  ventilation”  on  vehicles  for  sale  outside  of  California  until 
the  mo<lel  year  1963.  despite  the  fact  that  this  antipollution  device  could  have 
l>een  iustalletl  nationally  for  the  model  year  1962  and  that  at  least  some  automo¬ 
bile  manufacturers  expressed  willingness  to  do  so,  in  the  absence  of  a  contrary 
industry-wide  agreement : 

(2)  in  late  1962  and  extending  into  1963,  the  defendants  agreed  among  them¬ 
selves  to  delay  installation  of  an  improvement  to  the  positive  crankcase  ventila¬ 
tion  device,  an  improvement  which  the  Ckilifomia  Motor  Vehicle  Pollutiou 
Control  Board  had  indicated  it  would  make  mandatory ; 

(3)  in  early  1964  the  defendants  agreed  among  themselves  to  attempt  to  delay 
the  introduction  of  new  exhaust  pollntlon  control  measures  on  motor  vehicles 
sold  in  California  until  the  model  year  1967 ;  despite  the  fact  that  all  were  capa¬ 
ble  of  installing  the  improvement  for  the  model  year  1966.  the  defendants  agreerl 
to  tell  California  regulatory  officials  that  installation  of  exhaust  antlpollutioa 
measures  would  be  technologically  impossible  before  1967,  and  only  under  regida- 
tory  pressure  made  possible  by  compeUng  device  manufacturers  not  in  the  auto¬ 
mobile  industry  did  the  defendants  agree  to  a  California  regulatory  requirement 
that  exhaust  devices  must  be  Installed  for  the  model  year  1966 ;  and 

(d)  agreed  to  restrict  puUiclty  relating  to  research  and  development  efforts 
concerning  the  motor  vehicle  air  pollution  problem. 
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BffeeU 

15.  The  aforesaid  coinbloatlon  and  conspiracy  has  had,  a^.  ag  others,  the 
following  effects : 

(a)  hindering  and  delaying  the  research,  development,  and  manufacture — 
both  by  the  defendants  and  coconspirators  and  by  others  not  parties  to  the  agree¬ 
ments  alleged  herein — and  the  installation  of  motor  vehicle  air  pollution  control 
equipmoit ; 

(b)  restricting  and  soppres^ng  competition  among  the  defendants  and  co* 
conspirators  In  the  research,  develoinnent,  manufacture  and  Installation  of  motor 
vehicle  air  pollution  control  equipment ;  and 

(c)  restricting  and  suppressing  competition  In  the  purchase  of  potents  and 
patent  rights  covering  motor  vehicle  air  pollution  control  equipment. 

Prayer 


Wherefore,  the  plaintiff  prays ; 

1.  That  the  Court  adjudge  and  decree  that  the  defendants  have  engaged  in  a 
combination  and  conspiracy,  lu  unreasonable  restraint  of  the  aforesaid  interstate 
trade  and  commerce,  in  violation  of  Section  1  of  the  Sherman  Act. 

2.  That  each  of  the  defendants  named  in  this  complaint,  its  successors,  assignees 
and  transferees,  and  the  respective  officers,  directors,  agents  and  employees 
thereof,  and  all  persons  acting  or  claiming  to  act  on  behalf  thereof : 

(a)  be  enjoined  from  continuing,  maintaining  or  renewing,  directly  or  indi¬ 
rectly.  the  combination  or  conspiracy  hereinbefore  alleged,  or  from  engaging  in 
any  other  practice,  plan,  program,  or  device  having  a  similar  effect ; 

(b)  be  enjoined  from  entering  into  any  agreements,  arrangements,  understand¬ 
ings,  plan  or  program  with  any  other  person,  partnership,  or  corporation,  directl.v 
or  indirectly : 

(1)  to  dela.v  installation  of  air  pollution  control  equipment  or  otherwise 
restrain  individual  decisions  as  to  installation  dates ; 

(2)  to  restrict  individual  publicity  of  research  and  development  relating  to  air 
pollution  control  technology ; 

(3)  to  require  joint  assessment  of  the  value  of  patents  or  patent  rights  relating 
to  air  pollution  control  equipment ; 

(4)  to  require  that  acquisition  of  patent  rights  relating  to  air  pollution  te<-li- 
nology  be  conditioned  upon  availability  of  such  rights  to  others  upon  a  most- 
favored-purchaser  basis ;  or 

(5)  to  respond  jointly  to  requests  by  government  regulatory  agencies  for  infor¬ 
mation  or  proposals  concerning  air  pollution  control  technology  unless  such 
agency  requests  a  joint  response  in  a  particular  case ;  and 

(e)  he  required  to  issue  to  any  applicant  interest^  in  developing  motor  vehicle 
air  pollution  technology  unrestricted,  royalty-free  licenses  and  production  know¬ 
how  under  all  United  States  patents  owned,  controlled  or  applied  for  to  which  the 
cross-licensing  agreement  dated  July  >1,  as  amended,  has  l)een  applicable, 
and  to  make  available  to  any  such  applicant  all  other  know-how  related  to  air 
pollution  control  technology  which  has  been  exchanged  with  any  other  defendant. 

3.  That  the  plaintiff  have  such  other,  further  and  different  relief  as  the  nature 
of  the  case  may  require  and  the  Court  ma,v  deem  just  and  prrqier  in  the  premise.s. 
including  cancellation  of  the  cros.s-llcensing  agreement  dated  July  1,  1955.  ns 
amended,  and  an  Injunction  ensuring  that  all  future  joint  arrangements  relariug 
to  air  pollution  control  technology  l>e  appropriately  limited  as  to  subject  matter  nf 
joint  effort  and  numbers  of  participants  so  as  to  maintain  competition  in  tite 
development  of  air  pollution  technolog.v. 

4.  That  the  plaintiff  recover  the  costs  of  this  suit. 

Rambet  Cl.vkk. 

Attorney  General. 

Edwiit  M.  Zimmebmax, 

Assistant  Attorney  General. 

Baddia  J.  Rashid, 

.  Attorney,  Department  of  Jmtice. 

Wm.  Matthew  Byexe.  Jr.. 

r.S.  Attorney. 

Raymond  W.  Phiupps, 

Chailes  Li.  Marinaccio. 

Attorney »,  Department  of  Justice. 
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A  few  weeks  after  the  suit  was  filed,  Morton  Mlntz  of  the  Washington  Post 
wrote  this  interesting  background  story  about  the  early  history  of  the  case ; 

[From  th«  Wasblncton  Pott,  Jan.  26,  1969] 

Smoo  Fiohteb  Inspired  Auto  Industry  Lawsuit 
(By  Morton  Mintz) 

More  than  four  .rears  ago.  an  angry  inuniclpal  ofiicial  made  a  speeeh  in  Houston. 
Little  noticed  at  the  time,  the  speech  was  the  genesis  of  the  Justice  Department's 
civil  antitrust  suit  filed  this  month  charging  that  the  four  major  auto  manu¬ 
facturers  and  their  trade  as.sociation  conspireil  to  delay  develoiuueut  and  installa¬ 
tion  of  devices  to  curb  automotive  air  pollution. 

The  i)Ul»lle  official  was  S.  Smith  Griswold,  then  air  pollution  control  otiicer  of 
Los  Angeles  County.  For  a  decade,  he  had  fought  ti>  <s>ntrol  the  so\irce.<  of  smog. 
-Vil  of  these  sources  hut  one  were  brought  under  control  nr  signiticantly  (■lic<-ko!|. 
The  exception  was  l>y  far  the  most  imiawtant  source:  the  nbii|uitons  automobile. 

.\s  time  went  on,  Griswold  became  <-onvince<l  that  for  all  its  talk  nliont  Imw 
hard  it  was  trying  and  how  much  it  was  .spending,  Detroit  was  at  be.sf  halflicarted 
about  control  devices  for  the  crankcase  and  the  exlmust  system.  Finally,  in  Jnnc. 
1964.  in  his  Houston  speech  to  the  .■Vir  Pollution  Control  .Association,  he  exploded. 

“Everything  that  the  industry  is  able  to  do  today  to  control  auto  exhaust  was 
possible  technicall.v  ten  .vears  ago."  he  .said.  “Xo  new  principles  had  to  be  devel¬ 
oped;  no  technological  advance  was  needed;  no  scientific  breaktliroiigb  w.is 
required.” 

Griswold  depicted  Detroit  as  a  citadel  of  “arrogance  and  aptithy"  that  has 
“bought  ten  years  of  delay  and  unhampered  freedom  to  pour  millions  of  tons  of 
toxic  contaminants  into  the  atmosphere.” 

At  the  time,  the  industry  was  .spending  $1  million  a  year  for  pollution  control. 
Griswold  contrasted  this  with  the  total  of  ^.5  million  (hat  22  industry  executiv(‘s 
earned  in  1963  and  with  the  $1  billion  being  spent  for  1966  model  changes. 

Finally.  Griswold  tried  to  e.xplain  the  industry's  purported  apathy.  “Control  of 
air  pollution  does  not  make  cars  easier  to  sell.”  he  said.  Neither  dws  it  "make 
them  easier  to  produce.  To  people  Interested  in  profits,  expenditures  for  the  devel¬ 
opment  and  production  of  exhaust  controls  are  liabilities.’’ 

A  Case  Made  UNwrrTiXGt.Y 

In  an  Interview,  Griswold,  who  now  heads  a  Washington  consultant  firm  on  air 
|K>IIution  and  other  environmental  problems,  said  he  was  unaware  tliat  his  speedi 
laid  out  the  essentials  of  an  antitrust  case. 

Nothing  might  liave  happened  had  it  not  been  for  a  cliance  visit  thitt  Raliili 
Nadar,  then  an  obscure  volunteer  worker  in  the  Labor  Department,  p.aid  to  rlie 
office  of  Thomas  F.  Williams,  public  information  officer  for  the  Division  of  .Air 
Pollution  of  the  Public  Health  Service. 

Donald  Green,  an  aide  to  Williams,  showed  the  .speech  to  Nader,  wlio  ns  a 
lawyer  sensed  its  antitrust  implications.  In  a  recent  interview.  Nader  said  tlmt 
the  Griswold  speech  struck  him  as  a  potentiall.v  cla.ssic  portrayal  of  "product- 
fixing” — activity  covered  by  the  antitrust  laws.  In  this  case,  lie  felt,  the  activity 
involved  important  impacts  on  health  .and  might  Ije  delaying  teclinology  that 
would  permit  eventual  pliasing  out  of  the  fume-prmlucing  internal  eombnstion 
engine. 

-After  reading  the  speech,  Nader  telephoned  Griswold  in  Los  Angeles.  Several 
long  conversations  followed,  on  the  phone  and  during  Griswold's  visits  to 
Washington. 

Nader  tried  but  failed  to  interest  a  Justice  Department  antitrust  lawyer  wlio 
specialized  in  anto  Indu.stry  matters.  But  in  the  late  snnimer  of  1964.  Nader 
learned  that  William  H.  Orrlck  Jr.,  then  the  Department’s  antitrust  chief,  had 
set  up  a  new  policy  planning  staff.  Nader  got  in  toucli  witli  its  liead.  Alnrray  H. 
Bring. 

Neither  Bring,  now  a  member  of  the  Washington  law  firm  of  .Arnold  and 
Porter,  nor  any  past  or  present  .Justice  Department  official  involved  witli  tlie 
case  would  discuss  It.  But  the  upsliot  of  Nader's  getting  in  toucli  witli  Bring 
was  that  he  was  invited  to  outline  liis  antitrust  theory  to  Orrlck  and  iiiore 
than  a  doaen  of  his  aides.  At  a  meeting  lasting  more  than  an  liour.  he  re<‘alls, 
he  argued  that  alleged  product-fixing  of  this  kind  deserved  at  least  as  much 
priority  as  conventional  price-fixing  cases. 
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lu  late  1964,  Griswold  himself  iuformally  asked  the  Department  to  make  an 
antitrust  investigation.  Although  he  told  an  interviewer  be  could  nut  be  certain 
from  memory,  he  said  he  believed  he  alerted  Justice  to  a  resolution  that  be 
was  helping  to  prepare  for  the  Los  Angles  County  Board  of  Supervisors. 

AnvisE  10,000  TO  Move  Aw.vy 

As  dually  adopted  by  a  unanimous  vote  on  Jan.  26,  196.5,  the  resolution  traced 
the  history  of  the  problem  of  air  pollution  in  Los  Angeles  County,  pointed  out 
that  because  of  that  problem  physicians  had  advised  10,000  persons  to  move 
away  in  a  single  year  and  said  that  health  and  welfare  continue  to  be  “jeop- 
anlized  by  the  exhaust  emissions  of  3.5  million  motor  vehicles,  burning  about 
7,150,000  gallons  i  of  ga.soline )  daily.” 

The  resolution  charged  that  the  Industry  had  pooh-poohed  the  role  of  auto¬ 
mobiles  in  Los  Angeles  pollution  until  forced  to  change  its  position  by  an  accumu¬ 
lation  of  overwhelming  evidence,  by  the  spur  of  competition  from  ‘‘outsider” 
dnus  that  had  developed  control  devices  on  their  own  and  by  the  pressure 
of  California  legislation  making  control  devices  mandatory. 

If  the  Automobile  Manufacturers  Associations  (AMA;  "had  given  the  same 
attention  to  the  problem  in  IdiiS-Sd  as  they  did  after  installation  Oecame  manda¬ 
tory,  air  pollution  from  motor  vehicles  would  have  ceased  to  be  a  problem  in 
1966,”  the  resolution  asserted. 

Saying  that  action  was  not  taken  in  the  1950s  because  of  agreements  among 
Automobile  Manufacturers  Association  members  to  itool  all  of  their  tiudings  and 
to  cross-license  developments  for  pollution  control,  the  Board  of  Supervisors 
concludetl  by  requesting  the  Justice  Department  to  make  an  antitrust  investiga¬ 
tion. 

By  the  time  the  resolution  was  formally  adopted,  the  Justice  Department 
already  had  served  demands  for  records  on  the  industry — an  action  it  took 
in  early  January,  1965. 

Essentially,  the  Department  complaint  filed  last  Jan.  10  in  Los  Angeles  reflect.s 
the  Board’s  resolution.  The  complaint  points  out,  for  example,  that  iu  the 
single  month  of  January,  1967,  gasoline-powered  vehicles  diimijeU  12,465  toics — 
about  25  million  pounds — of  contaminants  into  the  atmosphere  of  the  bowl¬ 
shaped  Los  Angeles  area.  This  was  85  per  cent  of  all  emissions. 

And  the  suggestions  was  obivous  in  the  suit  that  had  the  defendants  com¬ 
peted  in  the  field  of  control  devices,  rather  than  purportedly  suppressing  prog¬ 
ress  iu  violation  of  the  antitrust  laws,  there  would  have  been  less  pollution, 
less  disease  and  less  property  damage. 

The  AMA’s  position  is  the  reverse:  the  “cooiieration”  among  the  defendants — 
General  Motors,  Ford,  Chrysler  and  American  Motors,  plus  the  AMA — was  not 
only  entirely  legal  and  open  and  aboveboard,  but  was  also  the  only  feasible  way 
to  achieve  the  progress  everyone  sought. 

The  Department’s  charges  also  were  heatedly  rejected  by  the  defendant  manu¬ 
facturers.  American  Motors,  for  example,  said  it  "categorically  denies  engaging 
in  any  combination  or  c-oirspiracy  .  . 

CoLUsios  With  Auto  Safety 

Between  the  time  the  Justice  Department  started  to  move  on  the  case  and 
the  time  the  suit  was  filed,  the  matter  became  involved  briefly  with  a  congres¬ 
sional  hearing. 

By  late  1965,  the  industry  was  faced  with  another  crisis :  the  seeming  inevita¬ 
bility  of  auto  safety  legislation.  For  Detroit,  the  question  was  how  tough  the 
law  would  be. 

In  April,  1966,  the  AMA  went  before  the  Senate  Commerce  Committee  to 
plead  for  an  ‘‘umbrella  against  antitrust”  so  that  it  could  undertake  joint  devel¬ 
opment  of  safety  devices. 

To  illustrate  the  need  for  the  "umbrella,”  AMA  spokesman  John  S.  Bugas, 
a  Ford  vice  president,  pointed  out  that  the  industry  already  was  under  investi¬ 
gation  in  connection  •witt  pollution  control  devices. 

Committee  Chairman  Warren  6.  Magnuson  (D-Wash.)  asked  Justice  for 
immediate  comment.  Donald  F.  Turner,  who  meanwhile  has  succeeded  Orriek 
as  head  of  the  Antitrust  Division,  replied  with  a  letter  attacking  the  industry 
proposal.  The  Department’s  investigation  concerned  cooperative  efforts  “to  sirp- 
press,  not  to  promote,”  use  of  the  devices.  Turner  said.  Besides,  the  antitrust 
laws  are  not  a  barrier  to  "necessary  and  cohstructlve”  Joint  efforts,  he  said. 
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Turner  bad  assigned  the  investigation  to  Samnel  Klaton-,  who  Las  since  retired 
from  the  Department  to  enter  private  practice  here.  As  a  result  of  natow's 
work,  first  in  Washington  and  then  in  Los  Angeles,  a  grand  jury  was  convened, 
in  July  1966,  and  heard  evidence  until  December,  1967.  Klatow  tlien  requested 
permis.sion  to  ask  the  jurors  to  return  a  criminal  indictment,  a  request  the  De¬ 
partment  denied. 

There  may  have  been  a  practical  consideration :  At  least  four  Federal  judges 
who  might  have  received  the  case  reportedly  are  strongly  opposed  to  criminal 
sanctions  in  antitrust  cases.  But  a  more  fundamental  consideration  is  that  long¬ 
standing  Department  policy  reserves  the  criminal  route  for  price-fixing  and 
other  traditional  cases  in  which  there  is  no  question  of  blatantly  illegal  conduct. 
The  pollution  case  was  not  traditional. 

Another  factor  is  the  practical  utility  of  a  criminal  case  as  op{H>sed  to  a  civil 
case.  A  criminal  case  can  result  in  penalties  intended  in  i>art  to  deter  further 
misconduct.  But  a  civil  case  can  lead  to  the  fashioning  of  a  court  decree  that 
prohibits  specific  forms  of  misconduct  thereafter. 

An  Undsual  Pbayeb 

In  the  pending  case,  the  Department  offers  an  unu.sual  “prayer,"  to  tise  the 
legal  term.  It  is  that  the  court  will  prohibit  the  defendants  from  resfRuiding 
"jointly  to  requests  by  Federal  regulatory  agencies  for  information  or  proix)saIs 
concerning  air  pollution  control  unless  such  agency  requests  a  joint  resijonse  in 
a  particular  case.”  This  is  an  uncommon  recognition  of  the  proposition  that 
the  behavior  of  trade  a.ssociations  can  violate  the  antitrust  laws. 

If  the  "prayer”  is  granted,  one  of  the  broad  questions  that  will  be  generate<l 
is  this :  When  any  Government  agency  is  involved  in  the  process  of  setting  safety 
standards,  can  a  trade  association  be  the  sp«>kesman  for  an  industry  in  wbicl) 
dissent  and  diversity  among  member  companies  is  being  suppressed  V 

The  Department’s  “prayer”  is.  of  course,  confined  to  the  particular  facts  of 
the  air  pollution  case.  But  the  petition  is  also  In  accord  with  the  intent  of  ('on- 
gres.s.  expressed  in  the  auto  .safety  law,  that  car  manufacturers  be  stimulated 
by  the  National  Traffic  Safety  Agency  to  compete  in  the  area  of  safety. 

Late  last  year,  the  Agency  declared  its  intention  to  retpiire  manufacturers 
to  disclose  to  new-car  buyers  such  safety-related  performance  data  ns  the  dis¬ 
tances  needed  to  brake  to  a  stop  from  various  speed.s,  data  that  would  i)ermit 
comparative  shopping  on  safety  aspects.  The  primary  response  from  the  industry 
was  the  APIA'S.  GM,  Ford  and  Chrysler  filed  no  initial  resi>onse  of  their  own. 
American  Motors’  was  an  endorsement  of  the  AMA’s. 

Nader’s  contention — denied  by  the  AMA — was  that  the  Association  controlletl 
the  responses  and  that  the  AMA  was  it.self  controlled  by  GM,  the  industry  leader. 

The  Department  also  seeks  a  court  order  banning  patent  licensing  agreenjents 
of  the  kind  used  here  and  for  bidding  other  agreements  under  which  individual 
car  makers  did  not  publicize  their  progress  in  pollution  control. 

Another  subtle  but  Important  aspect  of  the  case  is  its  origins  in  a  marriage  of 
antitrust  lawyers  to  specialists  with  expertise  in  a  field  as  arcane  as  pollution 
control  devices. 

Nader  believes  that  the  full  potential  of  the  antitrust  laws  to  protect  the  public 
against  “product-fixing”  and  technological  repression  and  stagnation  cannot  be 
realized  until  engineers  and  other  experts  become  imrt  of  the  regular  staff  of 
antitrust  agencies. 

A  prominent  Washington  antitrust  lawyer  with  Iwth  private  and  Government 
exi)erience  agrees,  noting  that  technology  has  brought  “a  whole  new  breed  of 
antitrust  problems  that  lawyers  can  understand  only  if  they  work  with  technical 
experts.” 

Actually,  such  problems  occasionally  have  surfaced  before.  Tlie  Federal  Trade 
Commission,  for  example,  knew  that  odometers  were  built  to  record  more  miles 
than  actually  were  driven — to  the  benefit  of  manufacturers  and  rental  firms  but 
to  the  detriment  of  owners  and  renters. 

But  the  FTC  failed  to  act  for  almost  three  decades.  A  group  of  law  students 
guided  by  Nader  said  in  a  recent  report  that  this  was  due  to  the  FTC's  being 
“duped  by  an  excuse  perennially  put  forth  by  the  auto  manufacturers:  they 
claimed  they  had  to  make  odometers  register  high  because  state  highway  officials 
demanded  that  they  make  »pee^meters  register  high  (to  diminish  actual  driving 
speeds)  and  that  the  two  were  Inseparably  connected  .  .  .  the  fact  of  the  matter 
is  that  odometer  and  speedometer  ate  not  connected,  as  any  medianical  engineer 
would  have  known.” 
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While  behind-the-scenes  maneuvering  by  the  defendants  has  been  intensive,  the 
manufacturers  have  brought  only  one  public  statement  uii  the  suit.  Althougli  I 
would  question  many  of  the  suppositions  made  in  that  star-  Mjent — l>y  AMA 
president,  Thomas  C.  Mann — I  woxild  like  to  reprijit  his  remuius  in  the  Record 
an  an  indication  of  the  type  approach  the  manufacturers  are  using ; 

AMA  News  Release 

Washington,  D.C.,  January  10. — ^Thomas  t'.  Mann,  I'resIUent  of  tlie  Auto¬ 
mobile  Manufacturers  Association,  today  issued  the  following  statement  on  tlie 
suit  filed  by  the  Department  of  Justice  against  AMA  ami  some  of  its  memiter  com¬ 
panies  in  Los  Angeles : 

“We  greatly  regret  the  Department  of  Justice’s  sudden  decision  to  attack  the 
industry's  15  year  old  cooperative  program  to  develop  and  perfect  motor  vehicle 
emissions  controls.  The  Department’s  action  is  based  on  a  profound  mis\inder- 
standing  of  the  -  ooperative  program  and  its  actual  effects. 

“Under  this  program,  initiated  at  the  request  of  the  (’alifornia  autliorities.  the 
Industry  has  been  developing  new  technologies  for  solving  this  pressing  problem 
of  our  nrbanlzetl  society.  The  program  has  not  hindered  or  delayed  the  develop¬ 
ment  and  installation  of  motor  vehicle  air  pollution  control  equipment.  On  the 
contrary,  it  has  already  succeeded  lu  reducing  the  level  of  hydrocarbon  emi.ssions 
of  new  cars  approximately  63%  below  the  level  of  the  pre-control  models,  and 
additional  controls  now  under  development  are  exiiected  to  further  reduce  hydro¬ 
carbon  emissions  to  79%  lielow  pre-control  models.  Moreover,  the  systems  devel¬ 
oped  as  a  result  of  the  program  have  reduced  carbon  monoxide  emissions  by 
about  60%. 

“This  progress  has  been  made  during  a  period  when  state  and  federal  regula¬ 
tion  has  continually  taxed  the  ability  of  engineers  to  meet  the  stringent  stand¬ 
ards  that  have  been  set.  It  would  not  have  l*een  possible  to  meet  the  timetables  set 
by  governmental  agencies  without  the  cross-fertilization  of  ideas  and  the  full 
e.vchange  of  technical  information  among  automobile  manufacturers  and  sup¬ 
pliers.  This  exchange  has  been  made  feasible  by  a  royalty-free  patent  cross- 
license  agreement  which  all  domestic  manufacturers  of  pas.senger  cars,  a  num¬ 
ber  of  truck  manufacturers  and  many  foreign  vehicle  manufacturers  have  .ioined. 
Although  this  type  of  agreement  has  been  prai.seil  as  encouraging  competition, 
the  Department  now  attacks  it. 

“With  continuing  increases  in  the  vehicle  population  and  in  the  volume  of 
pollutants  entering  the  atmosphere  from  non-velucular  sources,  there  is  nee<l  for 
even  greater  reductions  in  automotive  emissions.  The  manufacturers  are  now 
faced  with  a  new  requirement  for  controlling  the  emission  of  oxides  of  nitrogen, 
a  task  which  in  many  respects  will  i>e  more  diflBcult  tliau  controlling  hydrocar!>oii 
emissions.  In  our  judgment,  the  Department’s  action  tcnlay  will  substantially 
retard  the  rate  of  progress  toward  all  of  these  goals  l>y  casting  a  serious  cloud 
on  the  present  arrangements  and  thus  reducing  the  essential  flow  of  information 
among  the  participating  companies. 

“This  will  be  especially  harmful  to  the  smaller  p.asseuger  car  and  truck  com¬ 
panies  and  to  many  foreign  manufacturers  who  account  for  a  substantial  share 
of  the  U.S.  market.  If  these  companies  are  uiiuble  to  make  the  necessary  progress 
to  meet  the  more  stringent  requirements  that  the  regulatory  authorities  have  set 
for  accomplishment  within  the  next  several  years,  the  Government  will  b(>  faced 
with  the  necessity  of  po.stponing  more  stringent  requirements.  If  sucli  post,' 
nient  should  occur,  the  public  will  be  the  loser. 

“The  problem  of  how  Government  can  most  effectively  command  scientists  and 
engineers  to  make  a  new  technological  breakthrough  of  this  kind,  and  the  cor- 
re.sponding  problem  of  how  the  indu.stry  can  most  effectively  resiiond  to  sucli  a 
command,  are  both  novel  and  difficult.  However,  it  is  difficult  to  see  how  any 
result  other  than  delay  and  increased  cost  can  come  from  the  Department’s 
action  seeking  to  prohibit  the  free  interchange  of  technical  information  al)out 
automotive  emissions  among  the  firms  which  are  in  the  best  position  to  find  tlie 
needed  solutions. 

“A  year  ago  the  President  called  on  Government  and  Industry  to  join  as  partners 
in  attacking  the  problems  of  air  pollution.  The  automotive  Industry  has  done  Its 
best  to  respond  to  that  request.  Today’s  action  can  only  complicate  the  difficult 
task  of  making  the  partnership  a  fruitful  one.” 

What  Mann  said  in  his  statement  has  more  recently  been  echoed  by  Chrysler 
Corp.’s  chief  engineer,  Charles  M.  Helnen,  who  told  a  meeting  of  the  New  York 
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Society  of  Automotive  Engineers  that  “the  main  liuttie  against  autumoliile  ]jol- 
lution  has  been  won.”  Dan  Fisher  of  the  Los  Angeles  Time.s  iei;orteU  on  tliat 
siieech ; 

EiiissioN  CoNTBOL  Engineeb  Says  So  :  Has  Alto  Smug  Battle  Albeauv 

Beex  Wox? 

(By  Dan  Fisher) 

“Latlies  and  gentlemen,  let  me  come  to  the  point:  The  main  battle  against 
automotive  air  pollution  has  been  won.” 

Tliafs  how  Charles  M.  Heinen,  Chrysler  Cor|i.‘s  chief  engineer,  emission  con¬ 
trol  and  chemical  development,  opened  a  speech  Wednesday  to  a  meeting  of  the 
Xew  York  Society  of  Automotive  Engineers. 

Heinen,  who  tends  not  to  mince  words,  stated :  “We  have  done  the  job  pr<e 
posed  .  .  .  For  the  sake  of  perspective,  let  me  sa.v  that  if  tiiere  were  no  otiier 
vehicles  on  the  road  except  the  1969-1970  models,  we  would — r)vernight — breathe 
the  same  clean  air  we  had  in  1940  as  far  as  the  automobile  contril-.atioii  is 
concerned.” 

To  reduce  emi.sslons  from  the  levels  that  will  be  achieved  in  the  1970  models  "is 
going  to  be  rough,  and  it  looks  like  it  will  be  verj-  expensive — in  the  billion.s  of 
dollars — to  car  owners.  The  next  step  also  raises  serious  and  sincere  questions 
among  thoughtful  and  knowledgeable  observers  as  to  how  much  a  further  reduc¬ 
tion  is  really  necessary  and  is  it  worth  it  from  a  social,  scientific,  medical,  and 
economic  standpoint.” 

Heinen  suggested  that  future  California  and  federal  regulations— for  1!>71 
models  and  beyond — will  make  little  significant  contribution  over  what's  already 
been  done,  and  that  for  that  small  significant  gain,  the  cost  would  be  $10  billion 
plus  on  a  national  level. 

That  works  out  to  about  $100  added  to  the  price  of  each  car  .“old  in  a  year. 

Tt'hile  hydrocarbons  and  carbon  monoxide  are  controlled  under  present  Cnli- 
fornia  standards,  a  third  pollutant  is  covered  in  1971  Calit'oruia  standards — 
oxides  of  nitrogen. 

Research  indicates.  Heinen  said,  that  when  h.vdrocarbons  are  controlled,  tlie 
reaction  of  the  reduced  hydrocarbons  ami  oxides  of  nitrogen  is  instifflcient  to  pro¬ 
duce  photoclieniioal  smog, 

Altliough  challenging  the  rea.sons  for  control,  he  said  the  feclinology  to  control 
oxides  of  nitrogen  is  within  reach.  “Unfortunatel.v.  it  would  mean  i)enalties  in 
cost,  performance,  fuel  economy,  and  driveability,”  the  emissions  spet'inlist  added. 

He  also  took  Issue  with  California  medical  authorities  who  have  i)redicte(l  dire 
health  results  from  exjrosure  to  automohile-caused  air  pollution.  "As  a  mu*^ter  of 
fact,  a  further  review  of  the  medical  position  would  seem  to  say  that  the  situation 
is  not  critical  now.  or  indeed,  even  serious  in  the  opinion  of  lu-etty  near  everyone 
except  those  in  California.” 

The  decision  about  o.xides  of  nitrogen  control  “should  probably  be  made  on  tl'e 
basis  of  its  effect  on  visibility  and  on  plant  damage,”  he  said. 

Other  automotive  engineers  have  .suggested  that  the  least  they  seek  is  more 
time  to  work  on  inexpensive  solutions  to  the  oxides  of  nitrogen  problem.  While 
the  1971  Onlifomia  standards  covering  this  pollutant  can  he  met  at  relatively  low 
cost,  they  say,  those  proposed  for  1972  and  1974  cannot,  with  present  technology. 

One  auto  company  engineering  vice  president  has  predicted  flatly  tliat  those 
standards  may  l>e  the  ones  that  flnall.v  result  in  a  court  fight. 

llaybe  one  reason  Heinen  can  call  the  battle  over  is  that  the  solutions  are  not 
as  difficult  as  the  manufacturers  would  want  ns  to  believe.  For  example,  I  find 
thi.s  following  article  from  the  Ix)s  Angeles  Times  quite  fascinating : 

Reducing  Cae  Smog  East,  Engineeb  Says — Simple  Adjustment  Cuts 
E.missions,  Heaeino  Told 

(By  George  Getze) 

A  simple  mechanical  adjustment  of  present-day  automobile  engines  will  reduce 
nitrogen  oxide  emissions  by  about  40%,  it  was  stated  Wednesday  at  a  public  hear¬ 
ing  In  the  New  Federal  Building. 

Robert  W.  Mc.Tones,  consulting  automotive  engineer  for  the  Pacific  Lighting 
Corp.,  said  the  reduction  would  be  enough  in  most  eases  to  bring  the  cars  into 
compliance  with  the  nitrogen  oxides  standards  already  set  by  California  for  1971 
model  cars. 
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That  is  a  standard  tbe  aatomoblle  indnstry  d&ubts  it  can  meet. 

McJooes  testlfled  tbat  the  reduction  of  pollutants,  hydrocarlxms  and  carbon 
monoxide  as  well  as  nitrogen  oxides,  wonld  be  even  greater  than  40%,  If  -nutural 
gas  Instead  of  gasoline  were  used  as  (ueL  "  “ 

McJooes  and  Seine  J.  Oorbeil,  project  engineer  for  Padflc  Lighting,  were  wit¬ 
nesses  Wednesday  at  a  Itepartment  of  Health,  HSdncatlon  and  Welfare  hearing. 

The  hearing  la  being  held  to  collect  Information  tbat  will  help  Robert  J.  Finch, 
secretary  of  HBW,  decide  whether  or  not  Oallfomia  Is  to  be  permitted  to  have 
auto  smog  standai^  more  stringent  than  those  set  nationally  by  the  federal 
agency. 

Most  of  Wednesday’s  session  was  taken  up. by  cantionsly  worded  doubts  of  the 
technological  feasibility  of  controlling  both  nitrogen  oxide  and  hydrocarbon  emis¬ 
sions  from  automobUea,  at  least  in  time  to  meet  California’s  present  and  proposed 
standards. 

The  doubting  was  mostly  on  the  part  of  representatives  of  the  manufacturers. 

Witnesses  from  California  universities,  air  pollution  agencies  and  dttzens’ 
groups  all  Insisted  the  standards  could  be  met  if  Detroit  really  tried. 

“If  the  automobile  makers  can’t  meet  the  standards  with  gasoline-fueled  ve¬ 
hicles,  CaUfomia  should  insist  upon  conversion  to  gaseous  fuels,’’  Corbeil  said. 

A  40-PEBOSnT  SEDUcnoit 

The  simple  adjustment — which  McJones  said  would  reduce  nitrogen  oxides 
emissions  40%  even  on  gasoline  automobiles — consists  of  disconnecting  the  hose 
or  metal  line  that  connects  the  carburetor  and  distributor. 

The  purpose  of  the  hose  is  to  advance  the  spark  timing  when  an  automobile  is 
cruising  along,  neither  slowing  down  nor  speeding  up. 

The  theory  is  that  this  saves  gasoline,  but  some  automotive  engineers  doubt  tbat 
it  does. 

“When  the  hose  is  disconnected  the  auto  operation  at  full  throttle  is  unchanged, 
and  the  ordinary  full  throttle  tiiuiug  applies  at  cruising,  too,’’  McJones  told  the 
HBW  committee  headed  by  William  MegonneU,  assistant  air  pollution  commis¬ 
sioner  for  HEW. 

Corbeil  said  Pacific  Lighting  had  tried  the  adjustment  on  10  Fords,  Plymouths, 
Dodges,  Chevrolets  and  Ramblers,  all  late  models. 

He  told  the  HEW  committee  that  only  two  of  the  cars  met  the  1971  nitrogen 
oxide  standards  even  am>roxlmately.  When  the  hose  was  disconnected,  however, 
all  but  four  met  the  1971  standards,  even  though  they  were  operating  on  ordinary 
fuel. 

McJones  and  Corbeil  said  there  was  no  adverse  effect  on  performance. 

Tj^lcal  r^uctions,  for  example,  were  from  2,500  parts  of  nitrogen  oxides  per 
million  parts  of  air,  to  1,POO ;  1,^X)  ppm  to  800,  and  3,400  ppm  to  1,400. 

Expbksses  Doubt 

The  chief  witness  for  the  automobile  industry  was  Donald  Jensen,  who  used  to 
be  executive  head  of  the  California  Motor  Vehicle  Pollution  Control  Board  but 
who  now  works  for  the  Ford  Motor  Co.  He  also  spoke  Wednesday  for  the  Automo¬ 
bile  Manufacturers’  Assn. 

“There  is  a  substantial  question  whether  the  California  oxides  of  nitrogen 
standards  can,  in  fact,  be  met  by  all  vehicle  manufacturers,”  Jensen  told  the 
committee. 

He  said  the  association  “neither  suigmrts  nor  opposes  California’s  request”  for 
standards  more  stringent  than  the  national  ones. 

When  Jensen  finished  his  prepared  statement  MegonneU  pointed  out  that  he 
had  heard  very  little  in  it  of  support  for  CaUfomia’s  request  but  a  lot  of 
opposition. 

Another  member  of  the  HEW  committee,  Kenneth  Mills,  asked  Jensen  if 
Detroit  would  make  any  progress  at  alt  in  controlling  pollutants  such  as  oxides 
of  nitrogen,  if  very  stringent  standards  were  not  adopted. 

Jensen  answered  that  the  Industry  would  make  progress  and  wonld  work  at 
controlling  the  pollutants,  even  if  it  was  not  required  to  do  so  by  strict  standards. 

Calls  fob  Faith 

“Wbat  the  chairmen  of  the  boards  of  the  automobile  corporations  say  can't 
be  taken  lightly,”  Jensen  told  the  HEW  committee. 
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He  aeld  it  most  te  tafceq  “on  tattli’'  ttat  tbeM  bonrd  cbalnuen  really  mean 
wliat  tbey  any,  and  tliey  aay  auto  makers  are  gotns  all  out  to  control  air  pollution 
from  antomoUlea. 

Tbe  Deportment  of  Jnatice  replied  Wedneaday  to  Dep.  Atty.  Oen.  Charles 
O’Brien's  charca,  made  the  day  before,  that  it  had  used  fraud  and  chicanery 
in  tiviag  to  htodc  California's  investigatkm  of  anto  smog. 

O’Brien  naed  the  hard  words  in  tetiing  the  HBW  committee  that  federal  attor¬ 
neys  had  blocked  hla  efforts  to  get  information  from  Wallace  Linrille.  liuvllle, 
a  smog  expert,  had  teadded  before  the  U.8.  grand  jury  investigating  Detroit’s 
efforts  (and  alleged  lack  of  efforts)  to  control  auto  smog  emissions. 

A  apdieaman  for  the  Department  of  Justice  said  Wednesday  that  a  federal 
law  prohibits  persons  from  disclosing  testimony  before  a  grand  jury,  which 
was  why  Unvllle  was  advised  not  to  answer  all  of  O’Brien’s  questions. 

He  denied  any  fraud  or  chicanery  was  involved. 

“The  department  has  cooiierated  and  will  continue  to  cooperate  with  the 
state’s  endeavor  to  investi^te  the  automobile  manufacturers’  air  pollution 
control  record,”  the  spokesman  said. 

As  Heinen  points  out,  current  controls,  devices  and  regulations  for  new  motor 
vehldee  have  gone  far  in  easing  the  seemingly  exponential  growth  of  air  pol¬ 
lutants,  but  the  emissions  from  the  millions  of  older  cars  not  subject  to  the 
stringent  laws  continue  pouring  ton  after  ton  of  smog  into  the  air.  If  the 
battle  is  over,  it  is  going  to  be  one  heck  of  a  mopup  operation. 

Certainly,  the  advances  in  cutting  down  pollution  from  nonvehicular  sources 
have  been  imiwessive.  As  the  following  Los  Angeles  Times  story  notes,  the  Los 
Angeles  basin  has  apparently  eliminated  all  pollution  eminating  from  power- 
plant  smokestacks,  and  says : 

“The  automobile  is  now  contributing  more  than  90%  of  the  total  tonnage  of 
pollutants  in  Los  Angeles  air.” 

The  article  follows ; 

Los  AKOEtEs  Abea  Caixed  Free  of  Powerplant  Smoke — Thousands  op  Com- 

PLAiRTB  Cut  to  One  by  Use  of  Low-Suifub  Fueu  -n,  Puixer  Decxares 

(By  George  Getze) 

Smoke  and  chemical  fallout  from  electric  power  plant  smokestacks  have  dis¬ 
appeared  “almost  miraculously”  in  the  Los  Angeles  Basin,  Louis  J.  Fuller,  head 
of  the  Air  Pollntimi  Contrcd  District,  said  Tuesday. 

Instead  of  the  usual  thousands  of  complaints  of  smoke  plumes  and  fallout  that 
have  poured  in  on  the  APCD,  there  was  only  one  complaint  last  winter  and 
spring.  Fuller  aald. 

He  said  the  drastic  change  was  due  to  the  burning  of  low-sulfur  fuel  (dl  when 
not  enough  natural  gas  was  available  in  cold  weather. 

Fuller  said  the  APCD  now  forbids  the  bnmii.:g  of  any  fuel  oil  when  natural 
gas  is  available.  But  until  federal  regulations  were  changed  to  permit  tlie 
Importation  of  low-sulfur  oil  from  Indonesia,  cold  weather  meant  that  high- 
sulfur  domestic  oil  was  burned. 

The  federal  i)erml8sion  to  bring  low-sulfur  oil  into  the  United  States  is  good 
only  throtigh  next  winter.  Fuller  said  the  APCD  has  already  begun  to  fight  for 
pemuinent  permission. 

“In  view  of  the  tremendous  Improvement  in  plumes  and  fallout,  it  is  unthink¬ 
able  that  permission  to  bring  in  low-sulfur  oil  should  not  be  continued,”  Fuller 
said. 

Denies  Reiaxino  Fight 

The  APCD  chleTs  remarks  were  made  in  an  interview  in  which  he  replied 
to  charges  that  the  APCD  had  relaxed  its  fight  against  stationary  sources  of 
smog  in  the  Los  Angeles  basiii. 

The  accusation  has  been  made  twice  recently,  once  last  month  before  the 
Board  of  Supervisors  and  once  last  week  before  the  State  Air  Resources  Board, 
by  n  group  of  women  called  Stamp  Out  Smog. 

'Fhey  said  that  mnokestaidcS  were  “mushrooming,”  that  the  county’s  air  pol¬ 
lution  control  is  no  longer  the  model  for  the  rest  of  the  world,  that  it  is  going 
backward  instead  of  forward,  that  variances  to  APCD  rules  are  granted  whole¬ 
sale  and  that  smog  control  officers  have  lost  the  energy  and  Initiative  they  had 
10  years  ago  by  not  following  through  on  a  suggested  rule  that  would  have  pre¬ 
vented  the  construction  of  more  power  plants  in  Los  Angeles  County. 

Fuller  said  it’s  nonesense. 
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SaMdrastaCka,  tbanka  to  tbe  APCl>'s  flsbt  to  prorlde  low-sulfar  fuel,  don't 
amoke  in  Iioa  Anselea  County,  so  tkat  any  remark  about  tbelr  “mushrooming” 
is  meanin^ess,  he  said. 

“Our  contra  of  stationary  soorces  is  more  of  a  model  for  the  rest  of  the 
wortd  now  than  it  ever  was,”  Fuller  said. 

Anotimr  example  he  cited  was  the  federal  goremment’s  publication  of  a  Add 
operatlona  manual  deserihing  APCD  enforcement  practices  as  models  for  other 
agencies  throu|d>ont  the  world. 

So  far,  APCD  is  the  only  district  in  the  world  to  have  begun  the  regulation 
of  such  inconspicuous  sources  of  air  pollution  as  tbe  evaporation  of  volatile 
organic  solvents  used  in  paints,  inks  and  dry-cleaning  componnds,  he  said. 

APCD  was  also  responsible  for  the  drafting  of  new  state  law  regulating 
the  emissitm  of  black  smoke  from  Jet  alndanes,  Fuller  said.  It  will  go  into 
effect  Jan.  1, 1971,  in  order  to  give  the  airlines  tipie  to  comply. 

Sats  Vabiarce  Misundebbtood 

Fuller  said  the  matter  of  variances  to  these  rules  is  misunderstood.  The 
APCD  grants  no  variances.  They  are  all  granted  by  the  Air  Pollution  Hearings 
Board,  created  by  the  State  Legislature. 

He  said  air  pollution  experts  realize  it  is  often  impossible  for  companies  to 
comply  immediately  with  new  rules,  and  that  they  must  have  time  to  get  new 
equipment  or  modify  what  they  have. 

Many  of  the  current  variances,  for  example,  have  been  granted  to  give  firms 
time  to  comply  with  Rule  66,  tbe  one  governing  the  evaporation  of  organic 
solvents.  Fuller  said  any  fair  examination  of  the  variances  that  have  been  granted 
would  show  no  maladministration  by  tbe  hearing  board,  but  instead  a  very  care¬ 
ful  regard  for  the  public  welfare. 

He  said  the  evaluation  of  emissions  from  automobiles  and  stationary  sources 
shows  that  the  control  of  stationary  sources  is  excellent,  and  that  the  automobile 
is  now  contributing  more  than  90%  of  the  total  tonnage  of  imllutants  in  Los 
Angeles  air. 

“The  remaining  problem  in  Los  Angeles  is  almost  entirely  with  the  antomoldle, 
although  that  can’t  be  said  for  some  other  counties  in  the  Bay  Area  and  farther 
north,”  he  said. 

I^atest  statlstles  show  that  9,695  tons  of  carbon  monoxide  are  emitted  here  by 
automobiles  every  day,  compart  with  35  tons  by  stationary  sources.  Tbe  figures 
for  hydrocarbons  are  1,820  tons  from  the  automobile,  and  730  tons  from  stationary 
sources. 

Puller  agrees  with  A.  J.  Haagen-Smit,  chairman  of  the  Air  Resources  Board, 
that  one  of  the  biggest  problems  is  the  control  of  nitrogen  oxides,  which  are  the 
product  of  all  kinds  of  burning. 

Nitrogen  oxides  are  an  important  emission  of  stationary  sources  such  ns 
power  plant  smokestacks,  but  figures  submitted  by  the  Air  Resources  Board  last 
week  show  that  even  with  them  industrial  burning  is  a  less  important  source 
than  automobiles. 

The  ARB  report  shows  that  daily  emissions  of  nitrogen  oxides  in  Los  Angeles 
are'939  tons,  of  which  576  erase  from  auto  exhausts  and  258  from  industrial  burn¬ 
ing  of  fuel.  Other  sources  are  minor. 

To  control  the  nitrogen  oxide  emissions  from  power  plants,  Fliller  a  year  ago 
suggested  a  new  APCD  rule.  No.  67. 

In  a  letter  to  the  supervisors,  he  said  the  rule  would  prevent  construction  and 
operation  of  new  “monster"  power  plants  or  any  other  fuel-burning  installation 
unless  they  were  equipped  with  very  efficient  pollutant  controls. 

The  suggested  rule  would  have  forbidden  the  operation  of  any  equipment 
unless  discharges  into  the  atmosphere  were  limited  to  200  pounds  an  hour  of  sulfur 
compounds,  140  pounds  an  hour  of  nitrogen  oxides  and  10  pounds  an  hour  of 
dust  or  “particulate  matter.” 

Stamp  Out  Smog  has  accused  the  APCD  of  losing  initiative  and  energy  becau.<se 
it  has  not  followed  up  this  suggestion  by  pressing  the  supervisors. 

Ftiller  said  Tuesday  that  he  had  decided  after  confe^ng  with  the  Department 
of  Water  and  Power,  that  the  rule  is  not  necessary  now. 

He  said  the  department  was  adding  one  boiler  to  the  Scattergood  plant  at 
Playa  del  Rey,  and  that  though  it  would  contribute  oxides  of  nitrogen,  it  would 
Iiennit  the  phasing  out  of  older  boilers  that  contribute  more. 

‘In  any  ease,  no  move  is  under  way  to  build  any  of  the  "monster”  power  plants 
he  bad  in  mind  when  be  wrote  to  the  supervisors. 


192 


“If  Bale  67  dioald  become  neceaaary  I  wmi't  heaitate  to  submit  it  to  tbd 
supervisors,”  Fuller  said.  “I  am  waiting  now  to  see  whether  or  not  it  will  be 
needed.  If  It  Is,  it  is  all  ready.” 

To  show  an  overall  perspective  of  the  Air  poUntion  pndxlem — ^with  special  em¬ 
phasis  on  the  particular  situation  in  Los  Angeles — I  would  like  to  insert  the 
following  series  of  articles  from  the  Los  Angeles  Times.  Taken  as  a  whole,  the 
picture  thus  presented  in  them  does  not  seem  overly  optimistic,  and,  indeed,  the 
ontlook  I  get  is  not  extremely  promising — given  the  latent  rate  at  which  society 
seems  to  be  energizing  its  renources  in  this  critical  struggle  ju.si  to  maintain  the 
current  quality  of  our  air. 

The  articles  follow ; 

Ko  Mobe  Alebts  ob  Ete  Ibbitatior,  Expbts  Sat:  1970's  Expbctkd  To  Bniie 

ViCTOBT  Over  Smoo 

(By  George  Getze) 

The  19708  will  be  the  decade  of  realization  in  Los  Angeles  County’s  long  light 
against  air  pollution. 

By  19S0  most  cars  and  trucks  on  the  road  will  be  equipped  with  control  systems 
that  meet  the  standards  set  by  the  California  Pure  Air  Act. 

It  will  take  that  long  because  of  the  time  lag  in  used  cars,  but,  according  to 
the  Air  Pollution  Control  District,  by  the  end  of  the  ’708  the  air  of  the  Los 
Angeles  basin  will  have  83%  less  hydrocarbons  than  it  has  now.  There  will 
be  no  more  smog  alerts  they  say,  and  eye  irritation  will  be  rare. 

Visibility  obviously  will  be  better  although  the  brown  haze  of  nitrogen  dioxide 
still  will  be  seen  occasionally.  Oxides  of  nitrogen  in  the  atmosphere  will  have 
decreased  41%. 

The  APCD  says  these  results  will  depend  on  state  and  federal  insistence 
that  automobile  makers  manufacture  cars  and  trucks  with  exhaust  control 
systems  efficient  enough  to  meet  the  strict  California  standards  that  will  an 
be  in  effect  by  1974. 

The  accompanying  graph  shows  the  status  of  automobile  air  pollution  as  the 
1970  decade  begins. 

The  number  of  cars  in  the  county  is  increasing  and  will  continue  to  increase. 
This  Increase  amounts  to  31%  in  the  nine  years  since  1960. 

Despite  that,  the  exhaust  and  other  controls  already  in  effect  have  resulted  in 
decreases  in  two  of  the  chief  pollutants  of  Los  Angeles  basin  air — hydrocarbons 
and  carbon  monoxide,  both  of  which  have  been  declining  since  1965. 

Decbease  of  16  Pebcent 

The  decrease  In  hydrocarbons  since  the  peak  amounts  to  16%.  (To  appreciate 
what  has-been  accomplished  one  must  consider  what  might  have  been  if  control 
had  not  been  begun.  If  the  emissions  of  hydrocarbons  had  risen  in  the  same 
proportion  as  the  number  of  automobiles,  the  daily  tonnage  of  hydrocarbons  in 
the  atmospehere  would  now  be  2,500  instead  of  1 ,645. ) 

The  decrease  in  carbon  monoxide  amounts  to  12%.  (It  would  be  11,380  tons  a 
day  Instead  of  9,100  if  the  present  controls  had  not  been  applied. ) 

But  as  has  b^n  pointed  out  many  times,  the  act  of  controlling  hydrocarbons 
and  carbon  monoxide  has  improved  combustion,  and  this  has  tended  to  make 
automobile  emisrions  of  nitrogen  oxides  worse. 

This  improved  combustion  with  the  increasing  number  of  cars,  accounts  for 
nitrogen  oxide  emissions  rising  by  66%  since  1960. 

Controls  are  about  to  be  applied  to  them,  too,  even  though  the  automobile 
Industry  is  protesting  that  it  can’t  do  the  Job  on  schedule.  The  state’s  answer  is 
that  it  will  have  to  if  it  wants  to  sell  cars  in  California. 

Here  are  the  auto  emission  standards  that  will  be  in  effect  for  all  1974  model 
cars  sold  in  California : 

Hydrocarbons — 1.6  grams  per  mile,  ot  126  parts  per  million,  beginning  in  1972. 
(The  standard  for  lOTO  model  cars  is  2.2  grams  per  mile,  or  180  ppm.) 

Carbon  monoxide — ^28  grams  per  mfle,  or  about  1%  by  volume  of  exhaust 
gas,  beginning  with  1970  models. 

Nitrogen  oxides — 1.8  grams  per  mile,  or  about  860  ig>m,  beginning  with  1974 
models.  (TTiere  will  be  no  standard  for  1970  modds,  but  1971  models  will  have 
a  standard  of  4  grams  of  nitrogen  oxides  per  mile,  or  about  1000  ppm,  and  1972 
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and  1073  models  must  emit  no  more  than  3  grams  per  mile,  or  800  ppm  of  nitrogen 
oxides.) 

Clean  air  la  Los  Angeles,  even  with  control  of  antomoblles  as  projected  in  the 
Pare  Air  Act  and  miforced  by  the  Air  Besonroes  Board,  would  not  be  possible 
ndthoat  control  of  stationary  sources. 

Gabs  Wobst  QrrENniEB 

By  far  the  greater  part  of  Los  Angeles  County  air  pollution  comes  from  the 
automobUe,  but  that  is  only  because  the  APCD  has  l^n  applying  controls  to 
stationary  sources  for  more  than  20  years. 

The  measure  of  success  is  evident  in  the  fact  that  88%  of  Los  Angeles  pollu¬ 
tants  comes  from  cars. 

Ninety-eight  per  cent  of  carbon  monoxide,  68%  at  nitrogen  oxides,  68%  of 
hydrocarbons  and  41%  of  dust  (particulate  matter)  comes  from  automobile 
exhausts,  crankcases  and  evaporation  from  gas  tanks. 

That  is  why  control  of  the  automobile  emissions  in  the  10708  plus  continued 
improvement  of  the  control  of  remaining  stationary  sources,  should  bring  blue 
skies  and  clean  air  back  to  Los  Angeles  basin. 


Bor  Thebe  Wnx  Still  Be  Smoo 
(By  Irving  S.  Bengelsdorf,  Ph.D.) 

A  rasor  blade  company  once  ran  a  humorous  ad  showing  a  young  man,  his 
face  lathered,  falling  off  a  skyscraper.  As  he  fell,  he  was  shaving  himself  and 
saying.  “By  using  Ctnupany  X’s  razor  blade  1  save  11.4  seconds  each  morning 
when  I  shave.” 

This  certainly  was  an  interesting  shortrange  statistic,  but  as  far  as  his  long- 
range  future  was  concerned — as  he  plunged  earthward  to  imminent  doom — it 
was  most  irrelevant. 

The  same  is  true  of  the  long-range  future  of  aiaog  in  southern  California. 
Although  our  air  now  is  so  filthy  that  for  more  than  half  the  year  it  exceeds 
the  air  quality  standards  for  certain  pollutants  set  by  the  State  Department  of 
Health,  we  are  told  that  by  baving  this  or  that  emisdon  control  on  automobiles 
of  smokestacks,  we  now  prevent  many  tons  of  pollutants  from  getting  into  the 
air.  Irrelevant.  We  still  have  smog. 

We  once  were  told  by  the  now  defunct  Motor  Vehicle  Pollution  Control  Board 
that  we  would  “Betum  to  the  Glean  Air  of  1940.”  One  need  not  be  very  clairvoyant 
to  look  at  Los  Angles  in  1968  and  realize  that  very  little — surely  not  the  air — 
is  going  to  return  to  the  way  it  was  in  1940. 

Nowi  we  are  told  that  by  the  19808  blue  skies  and  clean  air  will  come  back  to 
the  Los  Angeles  basin.  The  new  stricter  standards  for  automobile  emissions — 
to  be  in  effect  by  1974 — will  do  the  job.  This  is  based  upon  the  assumptions 
that  cars  coming  from  Detroit  after  1978  will  meet  the  stricter  California  emis¬ 
sion  standards,  and  that  they  will  oontinne  to  do  so  as  they  age  and  are  driven 
thousands  of  miles.  We  have  no  guarantee  that  either  assnmpticm  is  valid. 

But,  let  us  suppose  that  cars  after  1978  do.  Indeed,  meet  the  stricter  emission 
standards.  In  19^,  it  is  estimated,  there  will  be  at  least  about  6.2  million  cars 
in  Los  Angeles  county.  About  half  of  these  6.2  million  care  will  be  tossing  out 
1.3  grams  of  nitrogen  oxides'  per  mile — the  strict  California  emission  standard 
beginning  in  1974.  The  other  half — those  cars  built  before  1OT4 — ^wlll  be  putting 
out  three,  four,  or  more  grams  per  mile. 

But,  let  us  assume  that  all  5.2  million  cars  In  1980  put  out  only  1.3  grams  of 
nitrogen  oxides  pier  mile.  Each  car,  <m  the  average,  will  bum  about  two  gallons 
of  gasoline  per  day.  Assuming  an  average  mileage  of  15  miles  per  gall<m,  each 
Car  sbonid  travel  about  30  miles  par  day. 

Thus,  6.2  million  cars  travelling  80  miles  per  day,  putting  out  1.3  grams  per 
mile,  would  toss  out  about  203  million  grams  of  nitrogen  oxides  per  day.  With 
454  grams  in  a  pound,  and  2,000  pounds  per  ton,  tbe  6.2  million  cars  would  spew 
out  about  2S&  tons  of  nitrogen  oxides  per  day. 

How  mndh  of  each  pollntant  baa  to  be  present  hi  Los  Angeles  air  to  make 
smog  appear?  Some  calculations  Indicate  that  smog  can  be  present  to  tbe  basin 
if  there  are  b^ween  200  and  280  tons  of  nitrogea  oxides  per  day.  Since  anto- 
moMles  will  aocdhnt  for  most  at  this  by  themselves  in  1980,  there  isn’t  much 
room  left  in  the  air  to  accommodate  the  nitrogen  oxides  pouring  bnt  of  smcfiie* 
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iStacka  at  po«r«r  piaate  leanmtiiic  dactrialty.  AM  tke  demand  for  electricity  in 
rthis  area  been  donUins  almost  erery  nine  years. 

For  the  loacraage  fntiure  of  the  soethem  California  air  resource,  the  willy- 
nilly  patchwork  awroach  of  an  emisaloa  contr<d  derice  hare,  and  another  there, 
-wdll  not  wortc. 

Five  years  ago.  In  a  statewide  conference  entitled  “Man  in  California — 1960s,” 
Dr.  Philip  A.  Leighton,  emmrltns  professor  of  chemistry  at  Stanford,  warned, 
“Air  poUntlon  may  be  likened  to  a  weed.  Controls  may  clip  back  the  weed  bnf 
they  will  mh  keep  It  frmn  growing  op  again.  To  kill  the  weed  we  most  get  at 
the  root,  and  the  root  of  the  whole  problem  at  general  air  poUntlon  is  cmnbmtlon 
(burning).” 

It  shoiM  be  obvloos  that  if  we  are  to  attain  a  pepalation  of  18  million  people 
in  the  Los  Angeles  megalopolis  by  the  year  2000,  as  predicted  by  some,  we  must 
begin  BOW  to  change  drastically  both  onr  ways  of  personal  transportation  and 
the  generation  at  ^eetrlcal  energy. 


Sxmrrs  Sonva  Sitoe  PunuE,  Csratb  Another 
(By  George  Getae) 

Engineers  and  scientists  have  to  face  up  to  a  very  basic  chemical  fact  in  going 
about  the  Job  at  trying  to  c<mtrol  Los  Angeles  smog. 

It  is  this :  One  of  the  chief  ingredients  at  photochemical  smog,  the  hydrocarbons 
or  organic  gases,  is  the  result  at  Ineffldmtt  and  incomplete  combustion,  but  the 
other  two,  sunlight  and  the  oxides  at  nitrogen,  are  not. 

The  oxides  Of  nitrogen,  in  fhct,  are  the  natural  result  at  cranbuBtiois  and  the 
more  efliclent  that  cmdNistlon  Is  the  more  oxides  of  nitrogen  are  produced. 

When  Galtfomta  anthorftles  forced  automobile  makers  to  begin  eontrolliog  hy¬ 
drocarbon  and  cartxm  m<moxide  emissions  they  went  about  it  by  increasing  the 
efflclency  of  gasoline  combasdmi. 

This  was  accompUshed  by  adjusting  the  carburetor  to  a  “leaner”  mixture  of 
air  and  gascdlne — that  is,  more  air  and  less  gas. 

Oxides  of  Nitbooen  Biss 

It  has  worked,  and  hydrocarbons  and  carbon  monoxide  emissions  from  auto¬ 
mobiles  have  diminished. 

Another,  not  so  pleasant,  effect  of  more  efficimit  automobile  migines  has  been  to 
increase  aatomoMle  emissions  of  oxides  at  nitrogen. 

This  Is  because  the  atmosphere  the  earth  is  almost  entirely  nitrogen  and 
oxygen — abbot  80%  and  20%,  respectively.  The  two  gases  are  physically  mixed 
in  the  atmosphere  but  not  chemically  united. 

When  air  is  subjected  to  hl^  temperatures,  as  it  is  wboi  it  is  burned  in  an 
engine  or  fnmace,  the  two  gasns  of  the  atmo^ifaere  combine  to  form  nitric  ox¬ 
ide — me  atom,  of  each. 

This  happens  no  matter  what  fad  is  bnmed.  Nitric  oxide  will  form  if  hay  or 
carrots,  or  ai^  other  conceivable  fuel.  Is  horned. 

(Tobacco,  for  example,  produces  idtrlc  oxide  when  burned.  Taking  a  drag  df  a 
cigaret  gives  the  smoker  a  Jolt  of  500  parts  per  mtllim— nbont  the  same  that  he 
would  get  if  he  stock  his  head  in  a  power  plant  smokestack  and  took  a  deep 
breath.) 

The  more  air  exposed  to  the  heat  and  pressure,  the  more  atoms  of  oxygen  and 
nitrogm  combine. 

Sixtt-Biobt  Pebcent  Due  lo  Amos 

That  is  the  most  important  reason  the  buraing  of  gascUne  in  a  “leaner  mix- 
tme”  has  resulted  in  an  increase  of  nitrogen  in  Los  Aiigdes  air. 

Another  reaaon  is  that  antomoUles  produce  about  68%  of  these  oxides  emitted 
dally  in  the  basin.  BleUMc  powmr  generating  idants  are  the  n«rt  biggest  con- 
trlhotor,  with  18S  tons  dally  or  14%,  cmnpared  to  046  from  motor  vehldes,  fol¬ 
lowed  by  rdatlvely  minor  sources— the  di  refineries  (40  tons  daily  or  4%)  and 
the  heating  of  homes  and  offices  (06  tons  dsily  In  odd  weather  or  0.1^). 

nnfaetmmtoly,  iha  proeoas  of  smog  forraatitm  is  not  complete  with  toe  esBls- 
aton  of  nitric  odds. 

NItrle  «nlde,  When  It  gels  teto  toe  air  from  an  anto  exhaust  or  power  plant 
amdii  stock,  reacts  ckenically  by  pfeldng  up  aaotoer  atdn  of  oxygen  to  form 
nttrogen  dl^dn 
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nils  is  the  polMtaiit  that  te  one  o<  the  eeaentfatl  eomponHits  <A  photodiemtcal 
emoff.  R  «tM  te  the  ehe  thateenaef  the  ugly  brown  hMe. 

In  the  nberace  of  light,  this  chemical  reaction  Is  a  atoir  one.  When  It  takes  idace 
In  hrti^  sonllglM;  SSpMiallg  In  the  presence  the  organic  fuea,  or  hydrocartMms, 
the  reaetten  Is  rapM  Sad  thorough. 

Controlling  the  oxides  of  nitrogen,  it  Is  clear,  is  not  a  matter  of  Improrlng 
etkienej  of  combnatlcm.  It  Isa  tnoMem  of  an  teitlr^y  dUfereat  kind. 

As  long  as  there  la  any  homing  at  aD,  oxides  of  nitrogen  are  bonnd  to  be 
present  la  the  air. 

All  that  it  will  be  posdble  to  do,  abort  of  doing  away  wlQi  Los  Angdee  alto¬ 
gether,  is  to  ameltorate  conditions. 

me  Air  Pidlntion  Contrd  Dtatrlct,  however,  expects  this  amelioration  to  be 
sobstantlal. 

The  APCD  estimates  that  by  making  certain  changes  In  the  antomoMle  engine 
and  by  strict  enforcement  of  emission  standards  already  set,  the  oxides  of  nitro¬ 
gen  in  the  basin’s  atffloeiiliere  can  be  reduced  41%  by  1960. 

That  will  not  be  perfect.  Alerts  probably  wW  be  a  thing  of  the  past,  bnt  Los 
Angeles  sHtl  will  occasionally  have  brown  base  and  eye  irritation  even  then. 

Still,  It  will  be  quite  an  amelioration. 

Two  methods  have  been  suggested  for  reducing  the  oxides  of  nitrogen  emitted 
iCrmn  anto  exhausts. 

Robert  McJones,  a  consulting  automotive  engineer  for  the  Pacific  T.ightlng 
Gorp.,  recently  testified  at  a  federal  public  hearing  that  retarding  the  fgwik  would 
cut  nitric  oxide  emissions  40%. 

Retarding  the  spark  reduces  the  peak  t^persturee  in  the  cylinders  and,  con¬ 
sequently.  less  nitric  oxide  Is  formed. 

Although  representation  of  the  antimiobUe  Industry  who  attended  the  hearing 
acted  as  though  they  had  never  beard  of  such  a  thing,  retarding  the  siiark  te  now 
considered  the  moat  lUcely  step  the  industry  wUl  take  to  meet  the  Callfomla  emis¬ 
sion  standards  for  1971  model  cars. 

The  1971  limit  for  cars  sold  In  Galifomis  will  be  1,000  parte  of  nitric  oxide  per 
million  parts  of  exhanst  gases. 

To  meet  the  mndt  stricter  1972  and  1974  standards  (600  ppm  and  8S0  ppm) 
something  else  wlU  have  to  be  done. 

One  way  that  has  been  suggested  Is  to  lower  the  temperature  of  combustltm  by 
recircalstliig  16%  or  so  of  the  exhaust  gas  so  tbst  it  goes  through  the  engine  a 
second  time,  after  the  oxygHi  in  it  has  been  used  up. 

The  Inert,  recirculated  exhanst  gas  sops  up  some  of  the  beat  in  the  cylinder— 
and  thus  also  ^ecttv^  the  nitric  oxide. 


The  Pum  os  CLBas  An 

"The  main  battle  against  smog  has  been  won." — Charles  M.  Heinen,  chief 
engineer,  emission  control  and  chemical  developmeirt,  Chrysler  Corp..  April  9. 

“The  peak  output  of  automobile-produced  smog  In  Southern  California  defi¬ 
nitely  has  passed— and  will  never  be  as  high  agala.” — ^Dr.  Tred  Bowdltcb,  director 
of  eodSBlon  control.  General  Motors,  Aug.  6. 

"The  third  consecutive  smog  alert  was  called  S’ri&iy  in  the  Los  Angeles  Basin 
as  a  biasing  son  continued  to  cook  pollutants  in  the  air.” — ^The  Times,  Ang.  23. 

There  is  a  kind  of  grim  irony  In  the  recent  public  concern  over  the  potential 
threat  from  transportation  and  stora^  of  mlUtara  poison  gases. 

City  dwell«wt  thfottifiidtit  the  nation  alraady  ate  sMrly  polSowlng  themselveB  by 
inbaling  the  air  pollnted  by  automobllea  The  threat  is  actual  and  still  unabated. 

Nowhere  te  ^e  peril  of  anto-catisdd  air  poDotlon  more  Serlons  than  in  the 
Los  Angeles  Basin. 

At  least  10,ono  persons  leave  each  year  on  the  advice  of  their  ifityslclana  The 
millions  that  remain  Mmply  mBet  and  coiin>teln  tbdt  '^something  must  be  done." 

SomeGUng  has  hetm  done.  Bnt  not  enough  ahd  not  quickly  mtdngh. 

Althonifii  emission  control  regulations  have  brought  abotft  a  reduction  In  the 
total  amoont  of  hydracaihons  and  caihon  monoxide,  experts  say  the  skies  over 
Los  Angeles  will  not  be  sdbstanttany  clekted  of  poiltitaiito  nntll  i960. 

That  tfanetabln  however,  conld  be  accelerated — if  smog  soflerets  would  pay  the 
price. 

lAlr  poUntion  control  can  be  as  strict  as  the  people  want  It  to  be.  Oallfonila 
demonstrated  that  pnMfc  iNressnre  Is  stronger  than  all  the  anto  industry  lobbyists 
when  it  forced  Deti^t  to  Install  smog  control  devices. 
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Oongnn  also  was  Nsponaive  to  tbe  coUeetiTe  outrace  of  Soutbern  Oaliforntaos 
who  demanded  that  this  state  be  allowed  to  set  toucher  emisalim  standards  than 
the  fedmel  requirements* 

4^thoucb  Detroit  cwnplains,  it  will  comply  with  the  increasingly  stringent 
regnlations  set  by  the  lihgislatiire  for  new  cars  In  the  1970  model  year  and  sub¬ 
sequently.  No  indostry  wants  to  give  np  its  biggest  market 

But  even  with  Improved  devices,  the  flgd>t  against  smog  moves  slowly  because 
a  majority  of  the  cars  in  the  Los  Angeles  Basin  still  have  no  exhaust  control 
system  at  all.  The  total  of  motor  vehicles  in  the  basin,  moreover,  increases  by 
neariy  10%  every  year. 

To  achieve  a  substantial  improvement  In  air  quality,  therefore,  every  one  of  the 
more  than  4  million  cars  and  trucks  in  Los  Angeles  County  must  be  equipped 
with  an  emission  control  device  in  proper  working  order. 

This  would  mean  that  every  owner  of  a  pre-lOOO  vehicle  would  have  to  as¬ 
sume  not  only  the  initial  cost  of  such  a  device  but  also  the  expense  of  mainte¬ 
nance  and  at  least  aimnal  inspection.  In  Los  Angeles  County  alone,  the  total 
price  would  amount  to  hundreds  of  milUons  of  dollars. 

The  Legislature  mandated  installation  of  control  equipment  on  used  cars  but 
only  If  two  acceptable  devices  were  available  and  if  their  cost  did  not  exceed 
$85.  Neither  condition  has  been  met. 

Much  more  must  be  done  to  develop  feasible  inspection  of  the  control  systems 
Installed  at  the  factory.  Unlike  the  crankcase  blowby,  these  devices  cannot  be 
properly  Inspected  with  a  quick  look  under  the  hood. 

So  long  as  the  public  insists  on  buying  big  cars  with  excessive  horsepower,  tbe 
fumes  they  produce  can  be  reduced  only  by  better  control  equipment  subject 
to  periodic  maintenance  and  inspection — ^until  there  is  a  major  breakthrough  in 
engines  or  fuel. 

Detroit  says  that  turbine  or  steam  engines  or  one  powered  with  natural  gas 
are  not  yet  practical  and  may  never  be.  Oil  companies  simUarly  offer  little  en- 
conragmnent  that  pollution  can  be  reduced  by  modifying  present  fuels. 

Perhaps.  But  if  the  public  outcry  were  loud  enough,  more  action  would  be 
motivated  in  industry — and  in  government.  Why  Is  not  tbe  federal  government 
doing  more  independent  research  in  these  two  areas? 

The  ultimate  cure  was  proposed  by  State  Sen.  Nicholas  Petris  (D- Alameda) 
when  he  proposed  that  tbe  Internal  combusUon  engine  be  outlawed  in  California 
In  107R. 

Not  long  ago,  bis  bill  would  have  drawn  nothing  but  laughter  from  bis  col¬ 
leagues.  This  year  it  passbd  the  Senate  and  had  support  in  the  Assembly  before 
being  defeated. 

Life  without  one— or  two  or  three — cars  seems  unthinkable  to  most  Southern 
Californians.  But  life  may  be  unbearable  if  auto-caused  air  pollutants  are  not 
drastically  curtailed,  and  before  1980.  ' 

Tbe  air  can  be  made  cleaner,  just  as  other  kinds  of  environmental  pollution 
can  be  controlled.  But  smog  will  not  diminisb  until  the  public  demands — and 
supports — corrective  action. 


Exfebt  Sats  Crnns  Dow*t  HAiie  Choice  Betweew  Clean,  Distt  Aie — Canadian 

BqoNOHisT  Tells  Science  Meeting  Usban  Abeas  Must  Decide  What  Deobee 

OF  CONTAIONATION  IS  ACCEPTABLE 

(By  George  Getze) 

Los  Angeles  and  other  modern  cities  do  not  have  tbe  choice  of  dean  air  or  dirty 
alp. 

The  realistic  question  they  must  answer,  according  to  a  Canadian  economist,  is 
what  degree  of  contamination  will  be  found  acceptable. 

R..  M.  CUnkscale  said  Monday  at  the  Anaheim  Convention  Center  that  the 
qua^y  of  air  available  to  every  dty  will  be  a  compromise  in  pollution. 

“Tne  only  total  answer  to  air  pollution  is  to  put  an  end  to  all  combustion,” 
CMnkscale  said  In  an  interview. 

“Nobody  wants  to  take  that  drastic  a  cure,  and  nobody  who  realizes  what 
would  be  to  put  an  end  to  all  combustion,”  CUnkscale  said. 

He  was  a  speaker  Monday  at  the  IBth  amiual  technical  meeting  of  the  In¬ 
stitute  of  Bnlvommental  Sciences.  Theme  of  the  1969  meeting  is  man  in  his 
mivignmment.  .  .  . 
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“Tb»te  ia  a  baaie  conflict  betwera  those  who  want  to  use  the  air  for  basic  life 
support,  and  those  who  want  to  use  It  for  waMe  disposal,”  Cainkscale  said. 

He  does  not  think  the  polluters  should  necessarily  hare  to  pay  the  whole  bill 
for  cleaning  up  the  air  as  much  as  la  possible. 

‘VIbere  is  no  market  mechanism  to  resolve  that  conflict,”  he  said.  “That  is, 
there  is  no  eeonoaaic  method  that  would  solre  the  problem  of  pollution  through 
the  ordinary  worktngs  of  inoflt  and  loas. 

“You  can’t  buy  and  sell  clean  air,  and  there  is  no  profit  incentive  for  a  firm 
to  pay  for  waste  dUqposal  when  it  doesn’t  have  to,”  he  said. 

In  Southern  Oailfomia,  Cllnkacale  pointed  out :  the  polluters  and  the  people 
who  want  the  sdr  chiefly  to  breathe  are  the  same  people — ^the  automobile  drivers. 

Clinkscele  does  not  think  many  local  communities  have  really  thought  this  out, 
especially  how  much  it  will  cost. 

Los  Angeles,  he  said,  has  done  far  more  than  any  other  city  in  the  world, 
but  even  in  Oailfomia  it  has  not  bem  entirely  decided  how  cleaning  up  the  air 
will  be  paid  for. 

For  instance,  GUnkacale  said,  strict  control  of  automobile  emissions  will  not 
be  enough.  There  will  have  to  be  periodic  inspections  of  the  control  devices  and 
systems  to  be  sure  they  are  working  properly.  Such  inspections  will  be  expensive. 

“Every  community  or  air  basin  will  have  to  decide  what  level  of  air  quality 
it  will  enjoy — and  how  that  quality  will  be  paid  for,”  Clinkscale  said. 

“It's  the  paying  for  it  that  wQl  determine  the  quality.” 


Thbeat  To  SuBVTVAt,  Scientist  Wabns:  Am  Poixdtion  Peril  ;  Ice  Aob 

OB  Hot  House 

(By  George  Getze) 

Continuing  air  poUntion  will  bring  about  one  of  two  conditions — both  highly 
unpleasant  and  both  dangerous  to  man’s  survival  on  earth,  according  to  Dr.  A. 
J.  Raagen-Smlt,  chairman  of  the  Air  Besonrces  Board. 

Dr.  Haagen-8mlt  said  Wednesday  that  one  result  of  air  pollution  may  be  to 
produce  the  famous  “greenhouse  effect”  that  would  heat  up  the  earth’s  atmos¬ 
phere  and  make  earth  more  like  Venus  is  thought  to  be. 

The  other  possibility  is  for  the  increasing  amount  of  pollution  particles  in  the 
atmosphere  to  act  like  a  screen  to  keep  out  the  sun’s  rays,  resulting  in  a  drastic 
lowering  of  the  temperature  and  a  new  period  of  glaciers. 

Scientists  are  worried  about  both  p<»slbUltles,  with  some — considering  the 
cooling  off  more  likely  and  others  the  heating  up. 

“We  don’t  know  yet  which  school  Is  right.” 

Dr.  Haagen-Smit  said. 

“But  we’d  better  do  something  before  we’ve  either  mrited  the  polar  ice  caps 
and  flooded  the  world’s  biggest  cities,  or  before  we  have  to  suffer  through  an  era 
of  glaciation.” 

Dr.  Haagen-Smit  Is  professor  of  blo-organlc  chemistry  at  Caltech  and  the 
scientist  responsible  for  flxlng  the  blame  of  Los  Angeles  smc^  on  the  automobile. 

It  was  he  who  discovered  the  chemical  make-up  of  photochemical  smog ;  that  is, 
smog  that  Is  the  result  of  the  effect  of  light  on  organic  pollutants  in  the  atmos¬ 
phere. 

He  said  this  generation  is  seeing  important  man-made  changes  in  the  atmosphere 
of  earth. 

“In  burning  the  fossil  fuels  of  coal,  oil,  and  gas,  we  are  increasing  the  carbon 
dioxide  in  the  air  by  about  .03  percent  every  year.  This  concerns  many  scientists 
who  predict  a  rise  in  temperature  because  of  the  insulating  effect  of  carbon 
dioxide.” 

Dr.  Haagen-Smit  said  other  experts  point  out  that  the  increase  of  the  load  of 
particles  carried  in  the  atmosphere  (that  is,  its  general  dirtiness)  could  lead  to 
a  decrease  in  temperature  bemuse  of  Increasing  reflection  of  the  sun’s  rays  by 
this  layer  of  particles. 

“Our  ancestors  lived  in  the  happy  certainty  that  the  earth  was  infinite,  that 
there  was  enough  soil,  water  and  air  to  go  around  forever,”  he  said. 

“But  now,  looking  at  the  earth  from  an  astronaut’s  vantage  point,  we  have 
bqgnn  to  realize  that  the  earth  isn’t  so  big,  and  that  the  apparent  stability  applies 
only  to  our  own  time,  an  infinitely  small  thing  ia  the  time  scale  of  geologic 
changes,”  Dr.  Haagen-Smit  said. 

Dr.  Haagen-Smit  spoke  at  the  International  symposium  on  man  and  beasts 
sponsored  by  the  Smithsonian  Institution  in  Washington,  D.C. 
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Buoa  PuuuHa  Dbbbbt  ab  Hkalth  Srb,  State  Tout— Bitbimiw  Covntt  Officiai. 

ScxKB  To  Halt  Flow  cm  Pollution  XBaouoH  Pass 

(By  George  Getee) 

Air  poUnGon  upwind  from  the  Oodiella  Valley  may  mean  the  "twiliglit  of  the 
desert”  as  a  health  and  recreaUonal  area,  a  Palm  Springs  man  Tuesday  told  the 
State  Air  Resources  Board. 

Fred  Metheny,  representing  the  RegloDal  Anti-Pollution  Authority  of  River¬ 
side  Connty,  asked  the  ARB  for  “protection  from  the  smog  invasion  from  the 
west.” 

San  Gorgonio  Pass,  Metheny,  said,  is  like  a  shotgun  aimed  at  the  hearts  of 
Palm  Springs,  Palm  Desert,  Indian  Wells,  Desert  Hot  Springs,  Indio  and  other 
towns  in  the  desert. 

The  lethal  ammunition  is  smog  from  Riverside,  Fontana,  Los  Angeles  and  other 
areas  west  of  the  low  desert  valleys,  Metheny  said. 

Metheny  was  a  witness  before  the  ARB  in  the  first  of  a  series  of  public  hearings 
to  discuss  air  quality  standards  for  the  whole  state.  Other  hearings  will  be  held 
in  San  Francisco,  Sacramento,  San  Luis  Obispo  and  Eureka. 

Opposed  to  Conbtkuction 

Metheny  said  the  desert  communities  which  banded  together  in  the  anti-air 
pollution  authority  are  opposed  to  the  construction  of  power  stations,  refineries 
and  other  industry  in  the  Beaumont-Banning  area  in  San  Gorgonio  Pass. 

He  asked  Dr.  A.  J.  Haagen-Smit,  chairman  of  the  ARB,  for  advice  on  how  to 
prevent  their  construction. 

Dr.  Haagen-Smit  said  he  had  asked  the  attorney  general's  ofiSce  what  could 
legally  be  done  by  one  commnnity  to  control  air  pollution  in  a  neighboring 
community. 

His  advice  to  Metheny  and  the  desert  communities  was  to  make  their  own  air 
quality  standards  as  strict  as  passible,  and  then  try  to  persuade  the  Riverside 
County  Board  of  Supervisors  to  refuse  permits  for  industrial  construction  in  the 
pass. 

If  that  doesn’t  work,  the  question  will  have  to  be  worked  out  in  the  courts.  Dr. 
Haagen-Smit  advised. 

He  said  enforcement  of  air  quality  standards  throughout  the  state  will  alleviate 
the  problem  faced  by  the  resort  communities  that  are  subjected  to  the  air  pollution 
of  industrial  neighbors  upwind. 

The  ARB,  Dr.  Haagen-Smit  said,  is  considering  setting  air  quality  standards 
for  six  pollutants.  They  are  oxidants  (including  ozone),  carbon  monoxide  and 
nitrogen  dioxide,  all  important  elements  of  automobile  smog  like  that  in  Los 
Angles,  and  sulfur  dioxide,  hydrogen  sulfide  and  man-made  dust,  which  the 
Air  Poiiution  Control  District  has  largely  controlled  in  Los  Angeles  but  which 
are  serious  nnlsancee  elsewhere. 

WoxK  Out  Stahdasds 

The  standards  being  considered  were  worked  out  by  the  State  Health  Depart¬ 
ment  and  the  ARB’s  technical  advisory  committee,  and  are  as  follows : 

Oxidants  (including  ozone),  a  density  of  .10  parts  per  million  lasting  an  hour. 

Catbon  monoxide,  .M  ppm  for  8  hours. 

Sulfbr  dioxide,  .10  ppm  for  24  hours,  or  .60  ppm  for  1  hour. 

Particulate  matter,  at  dust,  enou^  to  reduce  visibility  to  7%  miles  on  the 
smogglest  days. 

Hydrogmt  sulfide,  .08  ppm  for  1  hour. 

Nitrogen  <Boxlde,  .20  ppm  for  1  hour. 

Dr.  Haagen-Smit  explained  that  when  these  standards  have  been  adopted  it 
will  be  the  duty  of  the  ARB  to  see  to  it  that  local  and  state  authorities  enforce 
them. 

Local  communities,  sntdi  as  Palm  Springs,  may  have  standards  stricter  than 
ffaOSe  adopted  by  the  state. 

'Tim  oxidant,  or  oaone,  level  is  the  one  used  to  determine  the  degree  of  smog  in 
Los  Angeles  and  the  one  on  which  smog  alerts  and  the  new  special  school  warnings 
to  reduce  exercise  are  based. 


In  a  special  report  presented  by  the  ABB  Tnesday,  downturn  Los  Angeles 
was  shown  to  tmre  had  116  days  In  1967  In  which  the  proikosed  oxidant  level  was 
exceeded.  (That  year  Is  the  most  recent  for  which  statistics  bare  been  completed. ) 

Aausa  had  S8B  su^  days  that  year,  Pasadena  had  21S ;  Bnrbank,  204 ;  Pomona, 
207 ;  Anaheim,  1S2 ;  Santa  Ana,  60, 

Salinas,  in  Oonnty,  had  8;  San  Bafad,  In  Marin,  had  17 ;  San  Fran- 

dseo  had  12 ;  San  doee,  81 ;  San  Diego,  85 ;  Saeramento,  49 ;  San  Bernardino,  173 ; 
Coeamonga,  217 ;  Freene,  and  Oakland,  20. 

Another  table  in  the  same  report  compared  1967  oxides  of  nitrogen  emissions 
in  fonr  metropolitan  areas. 

Los  Aagdes4>raage  Goanty's  dally  emissions  averaged  089  tons,  of  which  575 
teas  et  oaMte  of  nitrogen  came  from  automobile  exhausts ;  40  tons  from  oil  re- 
dneriee,  tfnd  858  from  indnstrlal  burning  of  fnd.  Other  sources  were  minor. 

San  FraneiscoOakland's  dally  emissions  averaged  500  tons,  of  which  273  came 
from  auto  exhansts,  166  from  industrial  fuels  and  only  9  tons  from  oil  producers. 

San  Diego’s  average  dally  tonnage  of  oxides  of  nitrogen  was  173,  92  tons  of 
which  was  from  automobiles  and  65  tons  from  industrial  fuels. 

The  Augnst-September  issue  of  tbe  National  Wildlife,  the  excellent  publication 
of  tbe  National  Wildlife  Federation,  contains  a  new  feature  called  the  EQ — 
Environmental  quality — ^index.  And,  of  the  six  components  making  up  tlie  total 
index — air,  water,  soils,  minerals,  forests,  and  wildlife— the  quality  of  our  Na¬ 
tion’s  air  rates  lowest.  In  making  its  rating,  National  Wildlife  said  this  : 

Aig  poUntitm  is  probaUy  the  most  serious  threat  to  our  Environment  Quality. 
It  is  a  sUeot  killer  which  hovers  over  every  cUy  in  our  nation  and  touches  the 
creatures  of  tbe  polar  life  sones. 

So  our  Air  Quality  Index  stands  at  very  bad.  The  Trend :  We  are  losing. 

It  is  a  frightening  kind  of  pollndon  that  colors  our  skies,  burns  our  eyes, 
blacksns  onr  lung  tissues,  darkens  our  white  houses,  dissolves  nylon  stockings, 
corrodes  metal,  hardena  rubber,  and  dnst-coats  everything.  I  must  clean  the 
apfdea  from  my  trees.  Bainwater  is  no  longer  good  for  washing  hair,  my  daugfa- 
ten  tell  me. 

And  air  poUodon  is  worse  than  it  looks.  Particles  are  tbe  only  air  pollntion 
yon  can  aee;  the  deadly  gasses  are  invlsiUe.  It  is  suspected  that  polluted  air 
is  a  major  factor  in  causing  empbysenia,  bronchitis  and  long  cancer. 

When  London  waa'hit  by  a  fonr-day  “killer  smog”  in  December,  1962,  tbe  “ex¬ 
cess  death  toll”  wad  estimated  at  3,600  to  4,000  persons.  In  1948  a  stagnant  air 
maaa  over  Donora,  Pennsylvania,  choked  its  15,000  residents,  killed  20  and  made 
more  than  6,000  si^ 

AntoffiobUe  ezhauat  is  by  far  the  greatest  polluter,  followed  by  home  heating, 
industry,  and  tbe  burning  of  garbage  and  other  wastes. 

Belatedly,  some  progress  is  being  made  to  control  it.  The  National  Air  Polln¬ 
tion  Control  Administration  is  attacking  the  problem  on  a  regional  basis,  with 
primary  recgranaibility  for  clean-up  resting  witti  state  and  local  governments. 
The  conntiy  is  Jielng  divided  into  67  Urban-Industrial  Air  Quality  Regions  and, 
hopefully,  by  the  summer  of  1970  local  authorities  will  have  set  up  air  quality 
standards  to  be  enforced  by  state  and  local  officials.  If  they  fail,  tbe  Federal 
government  may  then  step  in  and  enforce  the  standards. 

All  but  four  states — South  Dakota,  Nebraska,  Alabama  and  Maine — have  air 
pollution  cimtrol  laws  now. 

But  that  is  only  the  start  of  the  battle.  It  is  amazing  bow  little  is  known  .vet 
about  the  full  effects  of  air  pollution  on  human  health,  and  how  little  we  are 
spending  to  control  it 

Air  pollution  is  the  more  serious  kind  of  pollution  since  once  in  the  atmosphere 
man  is  helpless  and  must  rely  on  nature  to  purify  it.  (And  that  means  wa.shing  it 
down  to  our  Ignd,  where  it  goes  into  our  rivers  and  on  to  the  sea. )  -4.s  long  as 
we  are  so  shori-idgbted  as  to  use  the  atmo^here  as  a  garbage  dump,  our  air 
wiU  beemue  dirtier  and  mow  dangerous.. 

Tbe  enrrent  quality  of  our  air  is  a  national  disgrace.  And  America’s  automotive 
syndrewe  has  been  the  major  contributing  factor  to  the  steady  decline  of  that 
quality.  For  years.  Government  attempted  to  use  the  carrot  approach  to  entice 
auto  manufacturers  to  do  something  about  the  problem,  and  for  years,  the  manu¬ 
facturers  procrastinated  as  they  claimed  that  they  were  Indeed  doing  all  they 
could  do. 

As  I  quoted  in  my  latter  to  Attorney  General  MltehMl,  Los  Angeles  County 
Supervisor  Kenneth  Hahn  started  writing  the  maaafhctnrers  back  in  the  earl.v 
IPSO’s,  asking  them  what  thmi  were  doing  to  ease  tbe  monntlng  smog.  Each 
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.year  or  so,  Hahn  would  write,  and  each'  time,  he  would  receive  back  equally 
evasive  answers.  Finally,  as  Supervisor  Hahn  wrote  in  a  letter  to  President 
.  Jobiuon : 

I  have  found  out  that  yon  cannot  “cooperate”  or  nrge  them  “voinntariiy"  to  do 
4he  job. 

And  so,  if  the  carrot  does  not  work.  It  is  time  to  use  the  stick.  The  stick  was 
wielded  by  the  Justice  D^rtment  In  bringing  this  important  suit,  and  I  hc^ 
it  is  used  more  and  more  as  needed.  But,  to  opt  for  a  constJit  decree  in  this  case 
would  amount  to  dn^iping  the  stick  alt^ther.  Were  that  done,  I  am  sure  the 
results  would  be  disastrous. 

The  time  is  short  before  the  Justice  Department  makes  its  choice  on  the 
manner  of  deciding  this  suit  The  need  for  a  public  trial  is  overwhelming.  Already 
20  or  so  Members  have  expressed  their  views  on  the  necessity  for  this  public 
hearing,  and  I  would  b<d;>e  that  similar  sentiments  are  soon  forthcoming  from 
many  more  of  my  colleagues  as  well  as  from  ail  citiaens  and  organizations  who 
are  worried  about  the  quality  of  our  delicate  environment. 


Ralph  Nader  Criticizes  Consent  Dborbb  in  Smog  Case 
(By  Hon.  George  E.  Brown,  Jr.) 

Mr.  BROWN  of  California.  Mr.  Speaker,  last  week  the  Justice  Department 
took  a  giant  backward  step  In  the  crucial  struggle  to  maintain  the  quality  of  this 
Nation’s  atmosphere  when  it  asked  for  a  consent  judgment  in  the  antitrust 
suit  brought  against  antomobiie  inanufactdrers  who  were  accused  of  conspiring 
•to  retard  development  of  effective  smog  controls. 

My  view  of  the  Justice  Department  action  is  that  the  Nixon  administration 
sold  out  our  right  to  have  clean  air  so  that  antomobiie  manufacturers  can  main¬ 
tain  sizabie  profit  margins.  Over  the  past  weeks,  I  have  attempted  to  impress  both 
Attorne.v  General  Mitchell  and  Antitrust  Division  Chief  Richard  W.  McLaren 
with  the  importance  of  holding  an  open  public  trial  in  this  vital  ease. 

Certainly  I  have  not  been  alone  in  this  effort.  Many  other  concerned  Members 
of  the  House,  along  with  numerous  individuals  and  organizations,  also  urged 
the  Justice  Department  to  call  for  an  open  trial.  In  two  instances,  there  were 
interventions  into  the  case  from  a  large  government  unit,  Los  Angeles  Ounty, 
and  a  private  group,  ASH,  as  Indications  of  the  importance  of  the  overall  issues 
at  stake.  But,  so  far,  all  have  been  of  no  avail. 

Under  court  proceedings  employed  in  antitrust  suits,  the  final  decision  by  the 
district  court  will  not  be  made  until  30  days  after  the  decree  was  requested,  and 
during  this  period,  the  ledger  is  open  for  all  concerned  parties  to  attempt  and 
contest  awarding  of  the  decree. 

Major  drives  already  are  underway  to  try  and  sway  the  court  and  the  Justice 
Department  to  reverse  last  Thursday’s  move,  and  instead  ask  for  the  open  trial. 

Today,  I  have  received  a  letter  written  to  Mr.  McLaren  by  Ralph  Nader  in  which 
Mr.  Nader  takes  a  deep  and  quite  critical  look  at  the  consent  decree  itself,  and  at 
the  larger  issues  which  pervade  this  case. 

I  believe  this  letter  serves  as  a  penetrating  blow  to  the  Department  allega¬ 
tions  that  the  decree  contains  all  that  the  Government  desired  in  its  original 
complaint. 

Therefore,  I  would  like  to  put  into  the  Record  at  this  point  three  Items : 
First,  the  Justice  Department  press  release  telling  about  the  consent  judgment; 
second,  the  consent  judgment;  and  finally,  Mr.  Nader’s  letter: 

Department  or  Justice  Release,  September  11,  1969 

The  Department  of  Justice  filed  today  a  proposed  antitrust  consent  decree 
prohibiting  the  four  major  auto  manufacturers  and  the  Automobile  Manufac¬ 
turers  Association  from  conspiring  to  delay  and  obstruct  the  development  and 
installatldn  of  pollution  etmtrol  devices  for  motor  vehicles. 

The  decree  also  requires  them  to  make  available  to  any  and  all  applicants 
royalty-free  patent  licenses  on  air  pollirtion  control  devices  and  to  make  avail¬ 
able  technological  information  about  these  devices. 

Attorney  General  John  N.tMlItchell  said  the  decree,  filed  with  the  United  States 
District  Court  in  Los  Angeles,  would  be  submitted  to  the  court  for  final  approval 
in  30  days.  Its  provhsienB  would  become  effective  immediately  thereafter. 


201 


The  proposed  decree,  signed  by  General  Motor  Corporation,  Ford  Motor 
Company,  Chrysler  Corporation  American  Motors  Corporation,  and  the  Asso¬ 
ciation,  wonld  conclude  a  civil  antitrust  salt  filed  by  the  Department  on  Jan¬ 
uary  10,  1960. 

Mr.  Mitchell  said  that  the  proposed  decree  “represents  strong  federal  action 
to  encourage  widespread  competititve  research  and  marketing  of  more  effective 
auto  anti-pollution  devices.” 

Mr.  Mitchell  said  that  a  continuation  of  the  suit— which  may  have  taken  years 
in  court  litigation — would  have  delayed  Justice  Department  efforts  to  end  the 
alleged  conspiracy  and  its  efforts  to  encourage  Immediate  action  by  the  automobile 
companies. 

The  Attorney  General  said  that  the  consent  decree  should  spnr  aggressive 
competitive  research  and  development  efforts  by  each  auto  company  and  by  other 
companies,  and  therefore  should  prove  to  be  a  substantial  benefit  to  the  health 
and  welfare  of  all  metropolitan  area  residents — especially  those  in  the  Los 
Angeles  Basin  which  has  the  most  serious  smog  problem  In  the  nation. 

'Hie  Attorney  General  also  said  that  the  judgment  is  In  line  with  the  massive 
antismog  program  announced  two  weeks  ago  by  Dr.  Lee  A.  DuBridge,  President 
Nis.on’s  science  advisor,  at  a  meeting  of  the  President’s  Environmental  Quality 
Council. 

Dr.  DuBridge  said,  “Nowhere  Is  there  a  greater  need  for  urgency  than  In  the 
field  of  air  pollution,  which  affects  directly  the  health  and  comfort  of  our  people. 
I  think  siieedy  resolution  of  this  case  will  promote  competitive  research  and 
development  In  the  design  and  installation  of  smog  control  devices  and  represents 
an  Important  step  forward  in  the  fight  agiinst  pollution.” 

The  Department  of  Health,  Education,  and  Welfare,  which  administers  the 
Glean  Air  Act,  and  the  representatives  of  the  Air  Resources  Board  of  the  State 
of  California,  have  expressed  satisfaction  with  the  terms  of  the  proposed  consent 
decree. 

Assistant  Attorney  General  Richard  W.  McLaren,  head  of  the  Department’s 
Antitrust  Division,  said  the  judgment  represented  a  successful  conclusion  to  a 
suit  filed  only  eight  months  ago.  He  pointed  out  that  the  Government  had 
achieved  all  significant  relief  sought  in  the  complaint  and  all  that  could  have  been 
obtained  after  a  full  trial.  In  addition,  he  said,  the  Government  had  obtained 
certain  relief  pertaining  to  auto  safety. 

Moreover,  Mr.  McLaren  noted  that  the  public  benefits  of  the  decree  will  be 
realized  immediately,  instead  of  after  protracted  and  uncertain  litigation. 

Main  provisions  of  the  proposed  judgment  are : 

The  auto  manufacturers  and  the  Association  are  prohibited  from  restraining 
in  any  way  the  individual  decisions  of  each  auto  company  as  to  the  date  when 
it  will  Install  emission  control  devices,  and  from  restricting  publicity  about 
research  and  development  In  this  field. 

'They  are  prohibited  from  agreeing  not  to  file  individual  statements  with 
governmental  agencies  concerned  with  auto  emission  and  safety  standards,  and 
from  filing  joint  statements  on  such  standards  unless  the  governmental  agency 
Involved  expressly  authorizes  them  to  do  so. 

'They  are  required  to  withdraw  from  a  1955  cross-licensing  agi'eement  and  to 
grant  royalty-free  llcense’i  on  auto  emission  control  devices  under  patents  subject 
to  the  1955  agreement  to  all  who  may  request  them.  The  Association  is  also 
required  to  make  available  all  technical  reports  exchanged  by  the  four  auto 
producers  in  the  past  two  years  under  the  1955  agreement. 

They  are  prohibited  from  agreeing  to  exchange  their  companies’  confidential 
information  relating  to  emission  control  devices  or  to  exchange  patent  rights 
covering  future  inventions  in  this  area. 

They  are  ordered  to  discontinue  their  joint  assessment  or  patents  on  auto 
emission  control  devices  offered  to  any  of  them  by  outside  parties  as  well  as 
their  practice  of  requiring  outside  parties  to  license  all  of  them  on  equal  terms. 

The  original  suit,  charging  violation  of  the  Sherman  Act,  said  the  defendunis 
and  others  delayed  the  manufacture  and  installation  of  auto  emission  control 
devices  by  agreeing  to  suppress  competition  among  themselves  in  the  rcsean  h 
and  developmoit  of  such  devices. 

To  this  end,  the  suit  asserted,  they  agreed  that  all  industry  efforts  In  this  field 
should  be  undertaken  on  a  noncompetitive  basis;  that  each  would  install  siu'h 
devices  only  simultaneously  with  the  others ;  and  that  they  would  restrict  put>- 
liclty  about  research  efforts  in  the  auto  air  pollution  field. 

The  complaint  charged  that  on  at  least  three  separate  occasions  the  defend¬ 
ants  agreed  to  try  to  delay  the  installation  of  auto  emisMon  control  devices. 
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Ilie  suit  also  cbmifed  defsodants  witb  bavinc  agreed  not  to  compete  with 
edch  otl^  tbe  dturcfaaae  of  patent  rildits  covering  such  devices  from  outside 
piurtles.  Tbii  snit  sUitad  tlitat  tbiB  def^fadante  and  others  had  agreed  in  1965  to 
diare  th^  pat^ts  in  this  field  with  each  other  on  a  royalty-free  basis.  In  addi- 
tUm,  the  salt  sa^  they  afr^  to  appnlse  Jointly  aim  patent  for  an  emission 
cjdntrbl  devicS  oireied  to  any  one  of  them  by  an  ontslde  paiti,  and  each  agreed 
not  to  accept  a  patent  license  from  any  outside  party  without  insisting  on  equal 
treatment  for  the  otherSr 

.  Named  as  co-oonsifiratocs  in  the  suit,  but  not  as  defendants,  were  Checker 
motor  Corporation,  piainond  T  Motor  Car  Company,  International  Harvester 
(Company,  Studebaker  Corporation,  White  Motor  Coiporatlon,  Kaiser  Jeep  Cor¬ 
poration,  and  Mack  Trucks,  Inc. 


[United  States  District  Court,  Central  District  of  California] 
SnrviJkTioir  von  Butbt  or  Oonseht  JcnoMERT — Civil  Acnon  No.  6P-75-JWC 

Unitei  States  of  America,  PlahsHff,  v.  AutombUe  Manufacturers  Association, 

Inc.;  Oenerai  Motors  Corporation;  Ford  Motor  Company;  Chrysler  Corpora¬ 
tion;  and  American  Motors  Corporation,  Defendanis 

It  is  stipalated  by  and  between  the  undersigned  parties,  by  their  respective 
attorney  that: 

(1)  The  parties  consent  that  a  Final  Judgment  in  the  form  hereto  attached 
may  be  filed  and  mitered  by  the  Court  at  any  time  after  the  expiration  of 
thirty  (fiO)  days  following  the  date  at  filing  of  this  Stipnlation  without  further 
notice  to  any  party  other  proceedings,  either  upon  the  motion  of  any  party 
or  upon  the  Court’s  own  motion,  provided  that  plaintiff  has  not  withdrawn  its 
consent  as  provided  heieio ; 

(2)  Hie  plaintiff  may  withdraw  its  consent  hereto  at  any  time  within  said 
period  of  thirty  (30)  days  by  serving  notice  thereof  upon  the  other  parties 
hereto  and  filing  said  notice  with  the  Court ; 

(3 )  In  the  event  plaiatifl  withdraws  its  consent  hereto,  this  Stipulation  shall 
be  of  no  effect  whatever  in  this  or  any  other  proceeding  and  the  making  of  this 
Stipulation  shall  not  in  any  manner  jjMreJudice  any  consenting  party  in  any 
subsequmit  proceedings. 

Datra :  September  11, 1968. 

For  the  Plaintiff : 

RicHasB  W.  McUaben, 

Assistant  Attorney  Oenerai. 
Baddia  J.  Rashidv 
Lewis  BEaursTEHf, 

WnxiAM  D.  KnnoBE,  Ja, 
Beskabo  M.  Hollandeb, 

Aixeu  S.  McAixbstex, 

Chabuss  F.  B.  McAleeb, 

C.  Bbooke  Abmat, 

Attorneys,  Department  of  Justice. 

For  the  Defendants : 

Llotd  N.  Cutleb, 

Attorneys  for  Defendant, 
Automobile  Manufacturers  Association,  Inc. 
Marcus  Mattboit. 

Attorneys  for  Defendant,  Oenerai  Motors  Corporation. 

Cabl  J.  Schuck, 

Attorneys  for  Defendant,  Ford  Motor  Company. 
Philip  K.  Yebleseb, 

Attorneys  for  Defendant,  Chrysler  Corporation. 
AlLYR  O.  KBEPSy 

A  ttomeys  for  Defendant,  American  Motors  Corporation. 
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[United  States  IHstrlct  Court,  Central  District  o<  ddlfomlal 
(Omi.  Aonoir  No.  (»-75-JWO) 

{United  States  0/  America.  Ptaintiff,  v.  AutomaMe  Monufaetunrs  Association, 
Inc.;  Omerai  Motors  Oortoration;  Pord  Motor  Company:  Ohrpster  Corpora- 
Honi  aiMi  AMMrieaN  Motors  Corporation,  Defendants) 

mrAi.  judsmekt 

Tlie  ptalptlffi  United  States  of  America,  baTlng  filed  Its  comi^lalnt  bereln  on 
January  1980.  and  tbe  utalntiff  and  tbe  defemiaBts  i>y  tfieir  resfieetlve  at¬ 
torneys  having  severally  consented  to  the  entry  of  tUs  Final  Judgment  without 
trial  or  adjudlcattoB  of  or  finding  <m  any  issues  of  fact  or  law  hercdn  and  without 
this  Final  Judgment  eonatltutlBg  evidmtce  or  an  admission  by  any  of  them  In 
respect  to  any  such  Issue ; 

Now,  therefore,  b^ore  any  testimony  has  been  taken  and  without  trial  or 
adjudlcatton  of  oe  finding  on  any  issue  of  fact  or  law  hmeln,  and  upon  consmt 
ot  the  parties  as  aioresaid,  it  is  hereby 
Ordered,  aiUndged  and  decreed  as  follows ; 

This  Court  has  Jurisdiction  of  the  subject  matter  herein  and  of  tbe  parties 
hereto.  The  oonvlaint  states  a  daim  upon  which  relief  may  be  granted  against 
the  defnadants  under  Secthm  1  of  the  Act  of  Congress  of  July  2,  1800,  entitled 
“An  act  to  protect  trade  and  commerce  against  unlawful  restraints  and  monopo¬ 
lies,’’  commonly  known  as  the  Sherman  Antitrust  Act,  as  amended. 

XT 

As  used  in  this  Final  Judgment : 

(A)  “Devices"  means  air  pollution  emission  control  designs,  devices,  equip¬ 
ment,  methods,  or  parts  there<tf,  for  motor  vehicles. 

(B) :  “Bestiicted  information"  means  all  unpublished  Information  of  the  type 
usually  daarified  as  company  confidential  concerning  applied  as  distinguished 
from  basic  reseaidi  in,  or  concerning  the  development,  innovatimi,  manufacture, 
use,  sale  or  installation  of  Devices.  It  inclndes  trade  secrets,  unpublished  com¬ 
pany  policy,  aud  other  nwobUshed  technical  information  f«nr  developing,  making, 
improving;  or  lowmriog  tbe  cost  of.  Devices  by  a  motor  vehicle  manufacturer. 
“Restricted  Information"  shall  not  mean  (i)  information  concerning  basie 
resear<di  in  gaining  a  fuller  knowledge  or  understanding  of  the  presence,  nature, 
amount,  causes;  sources,  effects  or  theories  of  control  of  motw  vehicle  emisricms 
in  the  atmosphere,  or  (ii)  information  relating  primarily  to  equipment,  methods 
or  procedures  fw  the  testing  or  measurement  of  Devices,  or  (iii)  information  for 
or  resndthag  from  the  testing  m  measurement  of  production  prototypes  of 
Devices  of  an  advanced  riage  exrimnged  stfiely  for  such  purposea  Infmrmation- 
shall  be  deemed  to  be  published  wh«i  it  is  disclosed  without  restriction  to  the 
public,  or  to  media  of  general  circulation,  or  to  the  trade  press,  w  to  meetings 
of  stoeklKfiders,  dealers,  or  financial  analysts,  or  to  meetings  of  profes^onal. 
scientific  at  engineering  societies,  or  conunittees  thereof,  the  mmnbershlp  of 
which  is  not  limited  to  pmwons  employed  by  d^endants  or  by  motor  vehicle 
manufacturers,  or  to  nseetings  called  by  rqiresentatives  of  Federal,  state  or  local 
govemmmits  or  agencies  authorised  to  issue  motor  vehicle  emission  control 
regnlatlona 

nt 

The  provisions  of  this  Final  Judgment  shall  be  binding  upon  each  defmidant 
and  upon  each  of  its  subsidiaries,  officers,  directors,  agmits,  servant^  employees, 
successors  and  assigns,  and  upon  ail  other  persons  in  active  concert  or  participa- 
ti<m  with  any  of  them  who  shall  have  received  actual  notice  of  this  Final  Judg¬ 
ment  by  personal  swylce  or  o^rwise,  but  shall  not  apply  to  any  transaction 
between  or  among  a  parent  company,  its  subsidiaries,  oflBcers,  directors,  agents, 
servants  and/or  emi^oyeea.  Nothing  in  this  Final  Judgment  shall  have  any 
effect  with  respect  to  any  activities  outside  tbe  United  States  which  do  not 
adversriy  and  substantially  affect  tbe  foreign  commerce  of  tbe  United  Statea 
(A)  ]&ch  defendant  is  enjoined  and  restrained  from: 

(1)  C!ombinlng  or  considring  to  prevent,  restrain  or  limit  the  development, 
manufacture,  In^Uatlon,  distributimi  or  sale  of  Devices; 
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(2)  EnttfiiiK  iota,  adberriiig  to.  oiforcisg  or  claiming  any  rights  nnder  any 
proTlalMia  of  any  agie«nent,  arrangement,  understanding,  plan  or  program  (here¬ 
inafter  “agreonent”)  with  any  other  defendant  or  manufacturer  of  motor  vehicles 
or  Devices: 

(a)  to ezt^ange  restricted  InfMmatton ; 

(b)  to  eroathUcMiae  patents  or  patent  rights  on  Devices  which  cross-license 
Indndes  patents  or  pahnt  rights  acquired  subsequent  to  the  date  of  any  such 
croes-Ucenae ; 

(c)  to  delay  Installation  of  Devlcee  or  otherwise  restrain  Individual  decisions 
as  to  installation  dates; 

(d)  to  restrict  paUldty  of  research  and  development  relating  to  Devices; 

(e)  to  employ  J^t  assessmmit  of  the  value  patents  or  patmit  rights  of  any 
toird  party  relating  to  Devices ; 

(f)  to  require  that  acquisition  of  patent  rights  rdatlng  to  Devices  be  ctmdi- 
tloned'  upon  availability  of  such  rights  to  others  upon  a  most-favored-purchaser 
bads; 

'  (g)  to  lUe^  in  the  absence  of  a  written  authorization  for  a  Joint  statement  by 
the  agency  Involved,  with  any  governmental  regulatory  agency  in  the  Dnited 
States  authorized  to  Issue  emission  standards  or  regulations  for  new  motor 
vehicles  or  Federal  motor  vehicle  safety  standards  or  regnlatlons,  any  Joint 
statement  regarding  such  standards  or  regnlatlons  except  Joint  statements 
relatteg  to  (1)  the  authority  of  the  agency  Involved,  (11)  the  draftsmanship 
of  or  the  scientlflc  need  for  standards  or  regnlaticms,  (ill)  test  procedures  or 
test  data  relevant  to  standards  or  regmlatlons,  or  (iv)  the  general  eng^eerlng 
requirements  of  standards  or  regulations  based  upon  publicly  available  Informa¬ 
tion  ;  provided  that  no  Joint  statement  shall  be  filed  which  discusses  the  ability 
of  one  or  more  defendants  to  comply  with  a  particular  standard  or  regulatio-:  -ir 
to  do  so  by  a  particular  time,  in  the  absence  of  a  written  agency  authon^a..  n 
for  such  a  Joint  statement,  and  provided  also  that  any  defendant  Joining  li.  a 
Joint  statement  shall  also  file  a  statement  indlvindally  upon  written  request  by 
the  agency  involved ;  or 

(h)  not  to  file  indlvidaal  statements  with  any  governmental  regulatory  agrency 
in  the  United  States  authorized  to  Issue  emission  standards  or  regulations  for 
new  motor  vehicles  or  Federal  motor  vehicle  safety  standards  or  regulations. 

(B)  Nothing  in  this  Final  Judgment  shall  pndiiblt  any  defendant; 

(1)  from  fnmiriilng  or  acquiring  any  restricted  information  for  the  defense 
or  prosecution  of  any  litigation  or  claim ; 

(2)  from  entering  Into  or  performing  nnder  any  otherwise  lawful  agreement 
with  any  other  perscm  or  conducting  iona  fide  negotiations  lotting  to  any  such 
agreement : 

(a)  for  the  purchase  or  sale  of  specific  commercial  products; 

(b>  for  the  license  of  specific  existing  patent  rights  or  from  including  in  any 
*snch  agreement  provision  for  a  nonexclusive  grant-back  of  patent  rights  on 
Improvements  obtained  by  the  licensee  during  the  term  of  the  llcmise  or  a 
reasonable  period  thereafter;  or 

(c)  for  the  purchase,  sale  or  license  of  specific  existing  restricted  information 
or  veeiflc  engineering  services  relating  to  Devices  or  fmn  Including  in  any 
such  agreement  provision  for  a  nonexclusive  grant-back  of  patent  rights  on 
improvements  obtained  by  the  licensee  during  the  term  of  the  license  or  a 
reasonable  period  thereafter;  or  from  furnishing  or  acquiring  any  restricted 
information  directly  relating  thereto; 

(3)  from  entering  into,  rmewlng  or  performing  under  any  otherwise  lawful 
agr^ment  with  any  nondefendant  person,  firm  or  corporation  that  does  not 
account  for  more  than  2%  of  world  production  of  motor  vehicle  passenger  car, 
truck  and  bus  units  in  the  calendar  year  preceding  the  entering  into  or  renewing 
such  agreement  (See  Appendix  A) ;  or 

(4)  from  entering  into,  renewing  or  performing  nnder  any  agreement  which 
is  submitted  in  writing  to  the  idaintiff  and  to  which  plaintiff  consents  in  writing. 

(C)  Nothing  la  Section  iy(A)(2)(a)  shall  prohibit  any  defendant  frinn 
enga^ng  in  any  activity  outside  the  United  States  reasonably  necessary ; 

(1)  to  the  development  of,  response  to,  or  compliance  with  existing  or  pr(^x>sed 
vehicle  emission  laws,  regnlatlons  or  standards  of  a  foreign  governmental  bo^,  or 

(2)  to  the  performance  nnder  any  btherwise  lawful  agreement  for  the  produc¬ 
tion  of  motor  veStlcles  outside  the  United  States  with  any  person,  firm  or  corpora¬ 
tion  not  engaged  in  the  production  of  motor  vehicles  in  the  United  States  at  the 
time  of  entering  into  or  renewing  such  agreement. 

(A)  Each  manufacturing  defendar*  is  ordered  and  directed  to  exercise  its 
right  to  withdraw  from  the  AMA  cross-licensing  agreement  of  Ji^  1,  1966,  as 
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amtuded,  and  to  take  ancb  st^  as  are  neceeaarj  to  accompUab  said  withdrawal 
within  <me  bandied  twraty  (120)  days  from  the  date  of  «atry  of  this  Final 
Jadgmeat  Notwithstanding  aoeh  withdrawal  defendants  may  continne  to  exercise 
those  lights  and  dalms  rating  to  royalty-free  licenses  under  the  cross-licensing 
agieemmt  which  have  accrned  np  to  the  date  of  entry  of  this  Final  Judgment 

(B)  DMtendant  AMA  Is  ordered  and  dlreeted  to  rellnqnlsh  its  reqponsihllities 
nader  the  AHA  croas-Ucenaliig  agreement  of  July  1,  1^,  as  amended,  within 
sixty  (60)  days  fnun  the  date  of  mitry  of  this  Final  Jadgmmit 

▼1 

(A)  Upon  written  request  therefor  and  subject  to  the  ccmdltions  set  forth 
herein; 

(1)  Each  manufacturing  defendant  is  ordered  and  directed  to  grant  to  any 
person  to  the  extent  that  it  has  the  power  to  do  so  a  nonexclusive,  non-trans- 
ferable  and  royalty-free  license  to  make,  have  made,  use,  lease  or  sell  Devices 
under  any  H«itn  of  any  United  States  patent  or  any  United  States  patent  appU- 
catton  owned  or  controlled  by  said  defendant  or  under  which  it  has  snblicenslng 
rights,  which  patent  was  issued  or  application  was  filed  prior  to  the  date  entry 
of  tJ^  ikial  Judgment  and  licensed  under  the  AMA  cross-licmising  agreement 
of  July  1,  1966,  as  amended,  provided  that  if  the  manufacturing  defendant  is 
obligated  to  pay  royalties  to  another  on  the  sales  of  the  licensee  the  license  under 
this  paragraph  may  provide  for  the  payment  of  those  same  royalties  to  the 
defendant ; 

(2)  Each  manufacturing  defendant  shall  grant  to  any  licensee  under  (1) 
ab^e,  to  the  extent  that  it  has  the  power  to  do  so,  an  immunity  from  suit  under 
any  forei^  counterpart  patent  or  patent  ai^licatton  for  any  product  manufac¬ 
tured  in  the  United  States  under  the  license  for  sale  abroad  or  for  any  product 
manufactured  abroad  and  sold  in  the  United  States,  provided  that  if  the  manu¬ 
facturing  dtfendant  is  obligated  to  pay  royalties  to  another  on  the  sales  of  Ae 
licensee  the  license  may  provide  for  the  payment  of  those  same  royalties  to  the 
defendant;  and 

(3)  Defendant  AMA  is  ordered  and  directed  to  make  available  for  examination 
and  copying  by  any  person  the  technical  i^wrts  in  its  possession  or  control  pre¬ 
pared  or  exchanged  by  defendants  pursuant  to  said  cross-license  within  two  years 
prior  to  the  entry  of  this  Final  Judgment,  which  are  identified  in  Appendix  B; 
provided  that  such  person  agrees  to  offer  each  signatory  party  to  the  AHA 
cross-licensing  agreement  of  July  1, 1965,  as  amended,  and  any  subsidiary  there¬ 
of  a  nonexclusive  license  for  a  reasonable  royalty  and  upon  reasonable  terms 
with  respect  to  any  patent  or  patent  application,  domestic  or  foreign,  thereafter 
obtained  or  filed  by  such  person  or  under  which  licensing  rights  are  obtained 
by  such  person  which  is  based  upon  or  employs  Devices  licensed  or  about  which 
information  is  supplied  pursuant  to  such  license  or  otherwise  under  this  Section 
VI(A). 

(B)  Any  existing  licensee  of  any  manufacturing  defendant  shall  have  the 
ri(^t  to  apply  for  and  receive  a  license  or  licenses  under  this  Final  Judgment 
in  scdtstituilon  for  its  existing  license  or  licenses  from  any  manufacturing  defend¬ 
ant,  insofar  as  future  obligations  and  licenses  are  concerned.  Any  licensee  shall 
be  free  to  cmitest  the  validity  and  scope  of  any  licensed  patent. 

vn 

Defendant  AMA  is  ordered  and  directed  to  mail  a  copy  of  this  Final  Judgment 
to  all  signatories  to  the  AMA  cross-licensing  agreement  of  July  1,  1966,  as 
amended,  and  to  all  known  domestic  manufacturers  of  motor  vehicles  and  motor 
vehicle  engines  within  thirty  (30)  days  from  the  date  of  entry  of  this  Final 
Judgment,  and  to  issue  a  press  release  to  the  domestic  trade  and  business  press 
relating  the  substance  of  the  Final  Judgment 

vm 

For  the  purpose  of  determining  or  securing  compliance  with  this  Final  Judg¬ 
ment,  duly-authorized  representatives  of  the  Department  of  Justice  shall,  upon 
written  request  of  the  Attorney  General,  or  the  Assistant  Attorney  General  in 
charge  of  the  Antitrust  Division,  and  on  reasonable  notice  to  any  defendant 
made  to  its  principal  office,  be  permitted,  subject  to  any  legally  reco^zed  privi¬ 
lege,  access  during  the  office  hours  of  said  defendant  to  all  books,  ledgers,  ac- 
countSr  cor«q>ondence,  memoranda,  and  other  records  and  documents  in  the 
36-998—74 - 14 
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poeseeBioB  or  under  tbe  Mwtrol  of  eaM  defendant  r^dntr  to  astj  mattem  eon' 
tained  In  tbls  IHaal  Jodgment,  and  anbject  to  Uw  reaaiwnWe  ctmTenience  od  aaid 
defendant  and  witbont  reatralnta  or  teterfeicnee  from  it,  to  interview  eAeem  or 
emiloyeca  aaid  defendant,  wbo  mar  bare  coanael  present,  regarding  any  andi 
matfera  Said  defendant  npem  tbe  wrlttm  request  of  the  Attomey  Genml  or 
tbe  Aaaistant  Att(Mner  General  In  ebarge  of  tbe  Antltmst  Division,  aball  snlmiit 
aneb  written  mmn  with  reepeet  to  any  of  the  matten  contained  in  this  Final 
judgment  as  from  time  to  time  may  be  requested.  No  Information  obtained  by 
tbe  means  provided  in  this  Section  shall  be  divulged  by  any  representative  of 
the  Apartment  of  Justice  to  any  person  other  than  a  duly  authorized  repre¬ 
sentative  at  the  Executive  Branch  of  the  plalntilf,  except  in  the  course  of  legal 
pmceediags  to  which  ttie  United  States  is  a  party  for  the  purpose  of  securing 
compliance  with  this  Final  Judgment  or  as  otherwise  required  by  law. 

IX 

. Section  IV(A)  (2)  (a)  and  (g)  of  this  Final  Judgment  shall  expire  ten  years 
after  the  date  of  entry  hereof,  provided  that  plaintlS  may  apply  to  this  Court 
for  the  continuation  one  or  both  of  said  proviaimis,  such  application  to  be 
made  not  later  than  nine  years  after  the  date  of  entry  of  this  Final  Judgment 

X 

Jurisdiction  of  this  cause  Is  retained  for  the  purpose  of  enabling  any  of  the 
parties  to  this  Final  Judgment  to  aiH>ly  to  this  Court  at  any  time  for  such 
nirtber  otders  and  directions  as  may  be  necessary  or  appropriate  in  relating  to 
the  constrnctioh  of  or  carrying  out  of  this  Final  Jud^ent,  for  the  modification 
or  vacattng  of  any  of  the  provisions  thereof,  and  for  t^e  pqipose  of  tbe  miforce- 
ment  ^  Cmnpliahce  therewith  and  the  punishment  of  violations  thereof. 

Jkssis  W.  Cubtib, 

U.S.  bUtrict  Judge. 


APTEinnx  A 

Sectl<m  IV(B)  (8)  of  this  Judgment  was  prepared  in  reliance  on  the  motor 
vehidie  imoduetton  statistics  set  forth  in  the  following  tables  contained  in  Wards 
1989  Automotive  Xearbodc  (31st  edition)  published  by  Powers  and  Company, 
Inc.,  Detrtdt,  Michigan,  at  page  14 : 

Htt  WORLO  MOTOR  VEHICLE  PRODUCTION 
120  Iwdiiii  eoKitrisil 


Pmantar  Tracks  ind 

can  buses  1960  total 


1967  total 


UoitadStttas . — .  gStS,  031 

CoMda .  900,627 

ToM . 9.749,550 

Jipsn . - .  2,055,021 

West  Gorntany . . .  2, 535. 433 

UitHod  Kintdom .  1,015,000 

Franco .  1,033,047 

Italy .  1,544,933 

AostnHa . . . . .  3%, 000 

AMMO .  2,200 

Bmil .  15X013 

Indio .  37,000 

IMkoftands .  00,000 

Monica .  102,907 

Polond .  40,500 

Spain .  311,531 

Stwdon . . .  223, 330 

Cnchoslovakia .  128,000 

Vsdo  Maria . .  Sft  406 

o3SR. . 250,000 

Total . 11,614,930 

GrasdtoM .  21,350,400 


1,990,713 

277,649 


10,793,744 
1, 17X 176 


X902,269 

943,992 


2,220,362  11,971,920 


2,030,005 
571,525 
409,300 
242,570 
11X716 
5X011 
75,000 
2,390 
11X371 
41,000 
7,000 
37, 192 
39,600 
01,902 
21,361 
50,200 
13,000 
55X  000 


4,015,026 

3,106,950 

2,224.300 

2,075,617 

1,633,649 

10X976 

415,000 

4,990 

277,234 

7X000 

67,000 

140,099 

8X100 

393,433 

244,691 

17X20C 

64,000 

000,000 


9,93X  261 


3.14X406 
2,402, 319 
1,937,119 
2,00X  672 
1,542,669 
175,310 
39X119 
4,303 
225,300 
69,000 
5X566 
123, 751 
61,400 
362,906 
214,560 
164,000 
60.000 
72X  900 


X  462, 783  1X077,713  13,754,460 


X691,l«  2X049,633  2X690,729 


N«|ta:0Stehrabaw  MOidattas  dram  Man  bast  Muicas  tusHsMs.  StattoUes  tor  sonw  RM-Moc  caontrlas  baaad  upon 
montMy  avtratat  and  an  subiact  to  slIgM  ckanga.  U.SAR.  for  I960  la  an  asllnuta  basad  upon  final  1967  caunta. 


I 

I 
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mRU)  Moro*  VCHIOC  moouctiom-usi 

|26  Mliif  mMifieturar^ 


Omliiiic  Mtmificiarer 


Country 


Can 


Trucks  Tutsi  IKS 


Total  1M7 


1. 

*. 

3. 

«. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 
IL 


.  GM . . 

FM . 

Chty^r _ 

IT.::- 

Nhtan . 


.  UnHjlStalnt.. 

. da . 

.  wifttumitr- 
llaly . 


_  Japan. 

_ Francs . . 

Britisli  Ford . Ensland . 

OpaItGM) . .  Wsst  Gsrmany. 

Toon  MOM  Jnonn 

cmwn. _ rnhc*:::::::: 

Ford . Cansda . 

GM . do . 

_ Francs . 

_ Japan . . 

_  _ EniM . 

19  . FsrdCsIstns . Wsat  Gsrmany. 

20  . Hands . Japan . 

a . Chn^rSinica . Francs . 

22  . OsSMsr-tMi . Wsat  Germany. 

23  . AM  Carp- . UniMdStitsa.. 

24  . 0.  Kasyo . Japan . 

25  . ChryaRr. . Canada . 

26  . Chrysisr  Rsstna . England . 


im 

1.585,SM 
1,448.533 
1.301,751 
K9.IK 
807,  K7 
571,614 
731.000 
553,701 
646.718 
l^KS 
383,000 
287,2K 
380,616 
377,725 


244,8.. 
306,232 
186,560 
317,248 

216.  on 

266439 
89, 2K 

219,151 

189,102 


4,790,301 
2,122,841 
1,5IIS.K1 
1.  IK.  258 


646,318 
- 67 


526,  n7 
549.281 

S323 
030 
779 
304,919 
4I&314 
317^378 
2n,706 
396, 6« 
146,289 
248,574 
254,138 
226  OK 
225, 4W 
202,812 
203, 312 


Nstn:  Bscauaa  botk  production  and  factory  salsa  am  used  In  tiM  above  tabulatiott.  tha  above  rankinp  am  not  absolute 
and  could  vary  sIMIIy,  Data  usad  rapmsants  uahiclai  ttmduesd  In  the  indkatad  lecatiens.  Fiat  aioudae  Autabianchi, 
Volkswagans  axdudes  Jtato  Union.  BLM  was  fonmd  in  tOn  hanoa  Ha  1K7  toU  mpmaShts  BMC. 

It  is  contemplated  by  tbe  parties  that  Ward’s  Automotive  TearbotA  or  any 
successor  publicatioa  will  be  the  source  of  the  statistics  necessary  to  the  future 
interpretation  of  the  provisions  of  Section  rV(B)  <3) 


Apfeivdiz  B 

Pursuant  to  Section  VI (A)  (3)  of  the  final  Judgment  the  following  technical 
reports  ace  idmitifled : 

SuBooififiTrKB  to  the  Vehicle  Oombubtion  Pbodocts  Committee, 

Januabt  1968 

1.  Atmosfdieric  Chemistry  Panel  Beiwrt 

2.  Diesel  EmiBsion  Panel  Beport 

(a)  Proposed  Standards  for  Motor  Vehicle  Exhaust  Odor  and  Irritation — Cali¬ 
fornia  Department  of  Public  Health  Bureau  of  Air  Sanitation — March  1, 1968^ 
pages 

(b)  Proposed  Additions  to  the  California  Admini.strative  Code — Standards  for 
Motor  Vehicle  Emissions,  State  Board  of  Public  Health  Meeting  June  10,  1966 — 
prepared  by  the  State  of  California  Department  of  Public  Health — May  4, 1966— 

6  pages 

3.  Ad  Hoc  Ehiglne  DepoBlts  Panel  Beport 

(a )  A  Proposed  Program  to  Establish  the  Effect  of  Combusiem  Qiamber  De¬ 
posits  on  Exhaust  Emissions — prepared  by  Engine  Deposit  Panel — January  3, 
1967 — 19  pages. 

(b)  Proposed  Joint  ASfA— API  Engine  Deposits  Program — September  14, 1967 — 

7  pages 

4.  Engine  and  Vehicle  Modlflcatimi  Panel  Beport 

5.  Exhaust  Emission  Measurement  Panel  Beport 

(a)  EEMP — Status  B^yort  on  Future  Exhaust  Emission  Standards — un¬ 
dated — 8  pages 

6.  Ad  Hoc  Group  <m  Exhaust  System  Heat  Beport 

7.  Fuel  System  EtnissifHi  Panel  Beport 

(a)  FSBP — ^Beport  of  Fuel  System  Ehnission  Panel  to  VCP — July  20,  1967 — 9 
pages 

(b)  AMC  Evaporation  System — ^undated — 6  pages 


I 

I 
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(c)  Chrysler  (Soeed  Vent  System — C.V.S. — prepared  by  CSirysler — undated  — 
8  pages 

(d)  Orankcase  Storage  of  ElraporatlTe  Kmlsslons — ^prepared  by  General  Motors 
Oo^ — Oetobar^  1967—8  pages 

(e)  Charcoal  Ouister  Bvaporative  Emission  Control  System— prepared  by 
Geoeral  Motors  Cotp^ — October  2S,  1967 — 9  pages 

(f)  Hish^  of  l^iKWatlTe  Control  Studies — ^lurepored  by  Ford  Motor  Com- 
pany^Oec«dier  1,  tUK — ^12  pages 

(g)  Crankcase  Storage  System  for  Control  of  Fnel  Evaporative  Eknh»lons — pre- 
pa^  by  Ford  Motor  Ctoqany — ^December  1, 1967 — 14  pages 

(b)  Carbon  Air  Cleaner  Evaporative  Control  System — prepared  by  Ford  Mo¬ 
tor  Cbmpany — ^December  1, 1967—9  pages 

8^  Ad  Hoc  Health  Committee  Report 

9l  Heavy  Vehlde  PanM  Report 

(a)  Differmcea  between  California  and  HEW  Truck  Test  Cycles— prepared  by 
Heavy  Truck  Panel — Jnne  6, 1967 — 3  pages 

16.  New  Devices  Committee  Report 

11.  Ad  Hoc  nalBc  Survey  Panel  Report 

(a)  Comparison  of  General  DnrabUity  Schedules — ^prepared  by  Ad  Hoc  Traffic 
Snirey  Panel— andated — ^1  page 

12.  Vehicle  Emission  Surveillance  Psnel  R^oort 

(a)  Analyais  of  California  Snrveillance  Data — prepared  by  the  Anto  Club  of 
Soothem  CMlfbmla  and  Scott  Research  Laboratories — dated  April  20,  1967 — 
8  pages 

Subcommittee  Repchtts  to  the  Vehicle  Combustion  Pboducts  Committee, 

Mat  23, 1068 

1.  Atmospheric  Chemistry  Panel  Interim  Report 

2.  Engine  and  Vehicle  Modidcation  Panel  Interim  Report 

3.  Bxhanst  Emission  Measurement  Panel  Interim  Report 

(a)  State  of  Oalifomla  Air  Resources  Board — Specifleation  for  Slmplifted 
Instrument  Console  for  Emission  Measurements — ^13  pages— December  27, 1967 

(b)  State  of  California  Air  Resources  Board— Procedure  for  Approval 
of  Instruments  for  Garages,  Vehicle  Assembly  Line  and  Field  Station  Use — 
March  6, 1968—8  pages 

4.  Fuel  Syston  Xknlsslcm  Panel  Interim  Report 

(a)  Laboratwy  Crossdieck  Charts — ^undated — 5  pages 

6.  Heavy  Vehicles  Panri  Interim  Report 

(a)  19W  California  Exhaust  Emission  Standard  and  Test  Procednre  for  Heavy 
Tniriu  ctmtained  in  the  Federal  Register  publication  of  January  4,  1968 — 23 
pages 

6.  Ad  Hoc  Traffic  Survey  Panel  Interim  Report 

i(a)  Considerations  in  Traffic  Survey  and  Test  Cycle  Development — ^NCAPC 
Meeting  of  Miardi  29, 1968 — prepared  by  tbe  Ad  Hoc  Traffic  Survey  Panel — ^April 

5. 1968— 2  pages 

7.  Vehicles  Btailssion  Surveillance  Panel  Interim  Report 

(a)  Hot  vs.  Cold  Start  Surveillance  Testing — prepared  by  VESP — March  27, 
1968—2  pages 

(b)  VESP  Fotnre  Surveillance  Program — undated — 2  pages 

(c)  Summary  of  Analysis — ^undated — 5  pages 

(d)  VBISP  reply  letter  (draft)  to  Mr.  John  Raymond  of  CMVPCB — May  7, 
1968 

(e)  Effect  of  Tnne-Up— undated— 2  pages 

8.  Engine  and  Vehicle  Modification  Panel  Reports 

(a)  1970  Oalifomla  Evaporative  Control  Standard  and  Test  Procedure  for 
Passenger  Cars  contained  in  the  Federal  Register  of  Jannary  4,  1968—23  pages 

(b)  Intake  Valve  Ihrottling  (IVT) — A  Sonic  Throttling  Intake  Valve  En¬ 
gine — prepared  by  General  Motors  for  the  SAE  meeting — May  20-24,  1968—11 
pages 

(e)  BVMP — Present  Status  of  Steam  Power  for  Road  Vehicles — (May  8, 1969 — 
11  pages 

(d)  Preliminary  Test  Resnlts  with  Non-Flame  After  Burner  Exhaust  Mani¬ 
fold  F4-134  cn.  in.  Engine — prepared  by  KAISER  Jeep  (XIRPORATION— ‘May 

8. 1968 —  5  pages 

(e)  Ad  Hoc  Snbpanel — ^Valve  Timing  Proposal  Submitted  to  EVMP — Ai»Il  9, 
1968—2  pages 
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SDwxnuunai  Ssronrs  lo  tb»  Vebiou  Ooummiov  Pmoovcn  Committb, 

SKRBMBa  27, 1968 

2L  Beport  ^ 

3.  Btagine  and  Vdtlcle  Mo^catton  Panel  Interim  Report 

(a)  Report  mi  New  Snslne  Idle  Stability — iMrepared  by  BVllP  memb^e — 
Reotendier  10. 196S— 18  Pacea 

(b)  DriTeaUUty  Procedure — August  6, 1968 — S  pages 

(c)  Vdilde  Inqpei^an  Procedure  for  Emlaaion  Control  Syatmns  and  Derlcee, 
daeollne  Powered  Veblcles — ^Inspection  Old  Ponnat — August  1,  1967 — 6  pages ; 
InspecUim— New  Xbnnat— d  pages 

(d)  Mass  Flow  Data — ^prepared  by  Chrysler  Corporation — September  10, 
1968— 11  pages 

(e)  BvMP  Panel  Report  on  1968  Engine  Idle  Setting  Procedures — July  10, 
1968  Revision  including  Shop  Manual  Instructions  EMmished  by  several  member 
companies 

(f)  EVMP  Valve  Timing  Proposal— undated— 2  pages 

(g)  Bxceipt  from  EV JIP  Memorandum  Report  dated  June  11, 1968  on  Catalytic 
Converters  and  Afterburners — ^1  page 

(h)  Catalytic  Converters  for  X^iisston  Control — prepared  by  Toyota  Motor 
Company — ^August  6, 1968—8  pages 

(i)  Ceramic  Exhaust  Manifold  Reactors — prepared  by  Ford  Motor  Company — 
August  6, 1906  7  pages 

4.  Elxhaast  Emission  Measurement  Pr.nel  Interim  Report 

(a)  Status  R^ort  on  Assembly  Line  Testing  by  EEIMP — August  6,  1968 — ^2 
pages 

(b)  Report  Ml  Measurement  Procedure  for  Nitric  Oxide  for  California — ^1970 
by  BBMP-rAuguet  5, 1968—16  pages 

(c)  Report  on  Exhaust  Emtoion  Reactivity  Criterion  frMU  the  Atmospheric 
Chemistry  panel  and  the  EEMP — July  30, 1968 — 6  pages 

(d)  Prtviosal — Exhaust  Bmisslou  Correlation  Program  HEW — AMA  Labors* 
lories — ^prepared  by  EEMP  Panel  member — October  24,  1967—4  pages 

(e)  Fast  Response  Flame  lonisatiou  Instrument— letter  prepared  by  Chrysler 
Corpmration — dated  June  19, 1968—2  pages 

(f)  Bay  Toll  Crossing  Letter — answer  sent  to  Mr.  E.  R.  Foley  by  Mr,  Sber* 
man — ^August  21, 19^  with  attacbments — 7  pages 

6.  Fuel  System  Emission  Panel  Interim  Report 

(a)  Fuel  System  Emission  Panel  report  on  Proposed  Test  Procedure  for  the 
Determination  of  Liquid  Fuel  Losses  frC'U  Vehicle  Fuel  Tanks — September  27, 
1968 — 8  pages 

(b)  Fuel  System  Emission  Panel  report  on  Proposed  Program  for  Gircnlation 
and  Cros8<Jheck  of  1970  Evaporative  Cars — September  27,  1968 — 2  pages 

6.  Heavy  I^ctp  Fnpel  Interim  Report 

(a)  Reconoimended  Application.  Procedure  lor  Certlflcatlon  of  New  Gasoline 
En^nes  for  Use  in  Heavy  Duty  Vehicles  1970  Model  Year — prepared  by  the 
National  Air  Pollution  Control  Administration— dated  September  28,  1968— 
19  pages 

7.  Ad  Hod  Traffic  Survey  Panel  Interim  Report 

8.  Vehicle  Emission  Surveillance  Panel  Interim  Report 

STmconrKixmk  Rxpovrs  to  thk  Vehicu  CoiransTron  Pboductb  CointriTEX, 

Dbcbkbbb  10,  1968 

1.  Atmocqdieric  Chemistry  Panel  Interim  Report 
.  2.  Engine  dVehlcleModlflcatloaPiwel  Interim  Report 

Driveability  Demonstratton — prepared  by  the  Driveability  Snbpanel  to 
EVMP^November  4, 1968—14  pages 

.  <b>  Summer— 1968  Emiaslon  Control  Syatems  as  presented  by  the  companies 
to  tile  Engine  and  Vehicle  Modification  Panel — undat^ — 12  pages 
.  (c)  Ci^Binents  to  BSC  by  the  EVMP  on  the  Feasibility  of  a  Two  Minute  Emis¬ 
sion  Inspectibn.  Syatm&?-4>etober  14, 1968—3  pages 

(d)  AMA.  RerimifiiendatlMis  in  AHA  ImpwUon  SonMook,  Section  IX  Vehicle 
Control  Systemord'Pages—daM  Septmnber  10, 1968 

(e)  R^rt  of  ,Tla6t  to  New  Jersey  Inspection  Station  November  21,  1968— 
by  the  BVMP-^  pages 
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(f )  Oommento  to  KSC  frmn  SVMP  on  Catlfontfa  Proponia  tor  BmlaatoB  Con¬ 
trol  Standards  <hi  1970  and  Later  Model  VAtoles — October  21, 1968 — 6  pages 

3.  BbUwust  Simission  Measurement  Panel  Interim  Blraort 

(a)  EBMP  comments  and  Becommendatlons  to  ISISG  on  GaUfomla  AB- 
357  Requirements  tor  Assembly  Line  Testtag  for  VeUcle  Emissions — ^December  2, 
1968—10  pagite 

(b)  letter  from  BEMP  Ot  September  6^  1968  to  Mr.  K.  0.  Mills  at  Willow  Bun 

and  Mr.  Mills  answer  of  October  14,  19^  re  AMA  Exhaust  Emission  Measure- 
mmit  Correlation  Progr^  _ 

(c)  'Comments  to  ESC  by  the  EV'MP  on  the  FeaMblllty  of  a  Two  Minute  Bhnis- 
slon  Standards  Committee  on  Measuring  EvaporaUve  Losses — undnted— 4  pages 

(d)  Recommended  .^plication  Procedure  tor  Oertiilcatlon  of  Hew  Gasoline 
Engines  Por  Use  in  Heavy  Dnty  Vehicles — 1670  Model  Tear — prepared  by 
National  Air  Pidlution  Control  Administration — September  23,  19W — ^19  pages 

4.  Fuel  System  Emission  Panri  Interior  Report 

5.  Heavy  Vehicle  Panel  Interim  Report 

6.  Ad  Hoc  Traffic  Survey  Panel  Interim  Report 

SUBCOUKITTEE  RKTOaiS  TO  THE  VehICXE  COHBUBTIOir  PKODUCTS  COHUITTEE,- 

MancB  27,  1969 

1.  Engine  A  Vehicle  Modl&catlon  Panel  Interim  Report 

2.  Exhaast  EmlsMon  Measurement  Panel  Interim  R^mrt 

(a)  Report  from  Exhaust  Emission  Measurement  Panel  on  Calltomla  ARB 
proposed  Assembly  Line  Test  Procedure  tor  Motor  Vehlde  Exhaust — January  2S,- 
1969^  pages 

(b)  Effect  of  Engine  Intake  Air  Moisture  on  Nitrogen  Oxides  Emissions — 
peered  hy  Ethyl  Corporation,  March  14, 1969—23  pages 

(c)  Humidity  Correction  K  Factor— pr^red  by  Nissan  Motor  Company— 
undate^M  pages 

(d)  Emlsitiop  Test  Procedures — undated — 4  pages 

<e)'  EIr^  of  FtHd  Composition  (%  Aromatics)  on  Exhaust  Hydrocarbon: 
Concentration — ^l^tsed  Upon  DnPimt  data  and  a  Report  by  CM  dated  January  22, 
1960^-41  pages 

(f)  Report  on  Measurement  Procedure  tor  Nitric  Oxide  tor  CaUfomia — 1970 — 
prepared  by  EBEfP — ^August  5, 1968 — ^16  pages 

(g)  Critique — California  AB  690  Test  Method  tor  Measuring  Vehicle  Exhaust 
Emissions  on  a  Mass  Basis — ^undated— 4  pages 

3.  iSieF  astern  Bmii^n  Panel  Interim  ^port 

4.  Health  Cmnmittee  Interim  Report 

5.  Heavy  Vehicle  Panel  Interim  Report 

6.  Ad  Tra!ifc  Survey  Ihterim  R^mrt 

SUBCOUHITTEE  REFOSTS  TO  THE  VEHICXX  COMBUSTIOH  PB(H>T70TB  COMHUTEE,. 

Jims  1969 

L  Heavy  Vahltie  Panel  Interim  Bepeet 

2.  Atmospheric  Chemistry  Panel  Interim  Report 

(a)  Exhaust  Emission  Reactivity  Criterion — prepared  by  the  Atmospheric 
Chemistry  Panel  and  the  EBMP — May  28, 1969 — 6  pages 

3.  Vehicle  Emission  Surveillance  Panel  Interim  Report 

(a)  Survettlnaae  Bhta  Suannmcy— prepared  by  VBSP — June  9, 1969—5  pages 

4.  Exhaust  Emission  Measumocnt  Panel  Interim  Report 

(a)  Proposed  Items  of  Discussion  on  May  12,  1968  at  Willow  Run — ^prepared' 
by  Messrs.  Mick,  Fagley,  and  ^gen— f  pages 

(b)  Analysis  of  AMA  daik  for  HO  Bmisstons  during  the  Federal  Cycle — ^pre¬ 
pared  by  Btoyi  Corporation— ^nne  2, 1969—8  pages 

(c)  Analysis  of  AMA  data  tor  HC  Emisstons  during  the  tMUfomla  Cycle 

tests  ■  Changes  to  bnptteve  Response  inme — prepared  by  Chrysler  Corporation — 
April  29, 1969— 8  paged  _ 

(d)  Proposal  Exhaust  Emission  Correlation  Program  HEW — AMA  Labora- 
torles-iPiyepated  ^  Fo^  Motor  Oompaiv— .^prii  7, 1989—4  pages 

5.  Btngine  A  vemde  HodHitef|<te  Faim  Intern  Report 

(a)  Transmission .Controned  Sftiarfc — ^An  Evaluation  ^  VOX  Bmlsffions — pre¬ 
pared  by  Gemiral  Mbtors  Corpcmitiim— April  16, 198^19  pages 

(b)  Presentaticm  on  the  Effect  of  Valve  Overlap  on  Oxided  of  Nltrogmi  Emis¬ 
sions — prm>ared  by  General  Motors  Corporation — ^undated — 6  pages 
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(c)  IH  C^rfc  Advaao*  Moaltarliig  SfStenh-^prepftnd  by  Interiutlonal  Bar- 
T«8ter  Com(i«uiy — Itarcb  4, 1988 — 4  pages 

(d)  Petfdrmance  of  a  Catalytic  Converter  on  Non-leaded  Fnel  prepared  by 
General  Motors  Corporatioa  and  pnbliMied  in  BAB — undated — IS  pages 

(e)  Comments  on  Performance  of  a  Catalytic  Converter  on  Non-leaded  Fnel — 
prepared  by  fy)rd  Motor  Co. — ^presented  before  tbe  BAB  mid  Year  Meeting 
May  22, 19^ — ^18  pages 

(f )  Panel  Charge— prepared  by  J.  P.  Charles — dated  May  27, 1908 — 1  page 

(g)  Bhigine  Tune-up  Bata  for  1970  Year  Model  Toyota  Vehicles — prepared  by 
Toyota  Motor  Company  dated  June  10, 1908 — 2  pages 

(h)  Engine  Idle  Setting  Procedure — prepared  by  KAISEB  Jeep  COBPOBA- 
TION— undated— 1  page 

(1)  Committee  Correspondence  re  New  Jersey  Vehicle  Bmission  Inspection — 
dated  April  7th,  May  8th,  June  9th,  1968  describing  telephone  conversation  with 
Mr.  Elston 

( j )  Inspection  Handbook  Distribution — dated  June  4, 1960. 

(k)  Quality  Car  Care  Schedule — prepared  by  Toyota  Motor  Company — un¬ 
dated — 3  pages 

(l)  Layman’s  Nomenclature — undated — 2  pages 
6.  Fuel  System  Emission  Panel  Interim  Beport 

(a)  Laboratory  Cross-Check  Program — prepared  by  Fuel  System  Bmiseion 
Panel — May  5, 1968 — 11  pages 

(b)  Fuel  Tank  Heating  Methods — pr^jiared  by  Fuel  System  Emission  Panel — 
May  5, 1969 — 22  pages 

(c)  Emission  Control  Calculations  on  Total  Motor  Vehicle  HC  &  CO  Emis- 
siona— dated  June  17, 1969—3  pages 

ADOrnONAI,  SUBCOUMITTEE  BEPtATS  TO  THE  VEHICLE  COMBUSTION  PRODUCTS  COM¬ 
MITTER  IN  PBEPAEATION  AND  TO  BE  COMPLETED  BT  OCTOBER  31,  1969 

1967  annual  report  of  Engine  <£  Vehicle  Modification  Panel 

1.  Status  Beport  No,  5  of  the  Engine  &  Vehicle  Modification  Panel  to  the 
Vehicle  Combustion  Products  Committee — 1967 — ^27  page.s 

2.  Tables  I  and  II  on  6  Cylinder  and  8  Cylinder  Camshafts 
Figure  1.  American  Motors  Beport  on  6  Cylinder  Camshafts-  1  page 
Figure  2.  Field  Snrvey  of  Combnsitlon  Testers 

Figure  8.  Besponse  to  Exhaust  Gas  with  and  without  Air  Injection  using  a 
Johnson- Williams  Combustible  Analyzer 
Figure  4.  Variable  Dilution  System — Exhaust  Gas  (missing) 

Figure  5.  Blow-by  Emission  Measurement — prepared  by  New  Jersey  State 
Departmeut  of  Health 
Figure  6. 1968  E^dne  Information  Decals 

Blgure  7.  Croas  Section  of  199  C.I.D.  Combustion  Chamber — Quench  and 
Low  Quench 

Figure  8.  Cross  Section  of  232  C.I.D.  Combustion  Cbamber — Quencb  and  Low 
Quench 

Figure  9.  Head  Gasket  Bore  Configuration  tmer  with  Low  Quencb  Engines  199 
and  232  C.I.D. 

Figure  10.  Effect  of  Atr-Foel  Batio  on  Exhaust  NO  Concentrations  for  Various 
Speed-Load  ComMnatlons 

Figure  11.  Effect  of  Spark  Timing  on  Exhaust  NO  Concentrations  for  Various 
Speed-Load  Combinations 

Figure  12.  Effect  <rf  Intfdm  Manifold  Vacuum  on  Exhaust  NO  Concentrations 
for  Various  Air-Fuel  Battes 

Figure  13.  VElect  at  Coolant  Tempevatnre  on  Exhaust  NO  Concentrations  for 
DuimcnleBciuu 

3.  Appendices ; 

(A)  Camshaft  and  Valve  Timing— EVMTG  Proposal 

(B)  Proposed  AMA  Ekigine  Idle  Setting  Procednres— BVMPTG  June  27.  1967 

(C)  Bepily  to  New  Jmaey  Begarding  State  VMiicle  Inspection  1^  VCP — 
Novmnber  10, 1967 

(D)  Beply  to  Air  Pollution  Control  Administration— December  22. 1966 

(E)  Bibliography  of  Papers  on  Emission  Control  Devices  Submitted  to  EVMP 
by  Member  Companies 
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JM8  CMwal  rtport  of  d  veKMe  modifieatUM  pmmI 

1.  Status  Beport  No.  6  of  the  Engine  and  Vehicle  Modification  Panel  to  the 
Vehicle  Comhoitlon  Products  Conunittee — IMS — 2S  pages 

2.  AnpendlOM : 

(A)  Cwtroi  <tf  Oxides  of  Nitrogen — Chrysler  Study  Curves,  data,  and  Sketches 
niustratlng  Chfyder  Studio  in  NO  Mntrol. 

O)  Exhaust  System  Devices  for  Emission  Control — International  Harvester 
Company. 

(C)  Vehicle  Inspection  Procedures 

<D)  1MB  Emission  Control  Systems 

(B)  Mass  Plow 

(P)  Idle  Setting  Procedures — A  detailed  description  of  the  shop  manual  proce¬ 
dures  for  each  manofhcturer 

(O)  Manifold  Beactors — Preliminary  Test  Results  with  NonFlame  After 
Burner  Exhaust  Manifold,  F4-134  cn.  in  Engine 

(H)  Air  Injection  Modifications — ^Toyota  Motor  Co.,  Ltd.  Nippon  Denso,  Co., 
Ltd. 

(I)  Steam-Powered  Road  Vehicles — ^Present  Status 

(J)  Valve  Timing  Proposal 

(K)  DriveaUUty — Driveability  Demonstration 

(L)  Cmnments  on  California  1970  Proposals 

ENSINE  ANO  VEHICLE  MOMHCATION  MNa  RETOKTS 


DM  of  Nwabtr 

pniseotitioii  Subloet  Pnptmi  by  of  paiH 


1.  Oct  17, 1967 _ _  CoaUMSlion  chambor  quoiKb  dungM,  1966  Chiyslor  Coip.. 


a 

a 

la 

11. 

12. 

13. 


14. 

15. 

1& 

17. 

la 

19. 

2a 

21. 

22. 

23. 

24. 

25. 

ta 

27. 

28. 

29. 

30. 

31. 


Oct  17, 1967 .  19a  Ford  oinisiions  systonn . Ford  Motor  Co . 

OcL  17, 1967_ _ Idio  odfustiiioots _ _ _ ChrytdorC^ . 

Oct  17, 1967 . .  Idio  miiituro,  offset  off  milss  on  idls  spood,  and  Gomral  Moton  Corp . 

bmliif  chansn. 

Oct  17,  m7„ _ Emission  contml  by  sngino  design  and  dovstop-  American  Moists  Corp _ _ 

ment 

Nov.  IS,  1967 . New  Jersey  emisshms  inspectioa  program _ _  EVMP . . . . 

Nov.  17, 19b7 . Engine  idte-seiting  ptaceawns . American  Motors,  Chrysler 

Corp.,  Ford  Motor  Co.,  Gen¬ 
eral  Motors  Corp.,  Interna¬ 
tional  Harvester  Co.,  Kaiser 

Osc.  5,  1967 . Chaness  in  idle  speed  re  mixture . . Fot?&otor'b . 

Dec.  5, 1967 . Emissmo-eontrol  labels . . . .  Kaiser  Jeep  Corp . 

Dec.  5,  1967......  AMA-HEW  exhaust  How  equsHsns . .  EVMP. . 

Jan.  2, 190. . Idle  senics  instruction— CAS . Chrysler  Corp . 

Jan.  2, 190. _ Exhaust  volume  measurements  on  cycle  tests . do . . . 

Dec.  5,1967 . Survey  of  emission  control  devkis  in  use  of  190  Ameriesn  Motors,  Chrysler 

•pteuels.  Corp.,  Ford  Motor  Co.,  Gen¬ 

eral  Motors  Corp. 

January  190 . Exhaust  emission-control  devices _ Kaiser  Jeep  Corp . . . 

Jan.  A,  196a . Idio  mixtuie,  speed  and  spark  timing  adjust-  General  Motors  Corp . 

ments. 

Jan.  2, 196a . -  Exbapst  system  devices  for  emission  control _ Intorostional  Harvester  Co _ 

Jan.  2, 190.. _ Exhaust  rnanifold  roacton _ _ _ do... . . . 

Jan.  2, 190 . Heavy  truck  emission-control  syst^ _ _ _ do . 

Dee.  19,  1967 . Adjusting  idle  mixture . . . Fbrd  Motor  Co . 

Feb.  13, 190 _ Changes  rn  idle  tune  during  Hist  1,000  miles  190  General  Motors  Corp . 

GMcars. 

Fib;  2, 190_._..  Decal  code . Crysler  Corp . 

Feb.  9, 190 _ Test  data  on  catalyHc  system. . . . Kaiser  Jeep  Corp . . 

Feb.  13, 190 . .Ceramic  exhaust  maoifold  reactors _ FprdMotorCo. 


Feb.  13, 190. _ Test  data  exhaust  emissions . KMsor  Jeep  l^rp . 

Mar.  12, 190 . Air  control  valve  to  improve  running  stability  alter  Toyota  Malor  Co.,  Ltd.,  Nippon 

.  Martini  on  an  air  Injpctad  gasolinn  engine.  Denso  Go.  Ltd. 

Mar.  12, 190 _ EngineslorTo^  190models . Toyota  Motor  Co.,  Ltd...,. . 

Mar.  12, 190 . Engine  stalling  on  deceleration . .  Nissan  Motor  Co.,  Ltd . . 

Mar.  12, 190 . Surface  to  volume  ratio  4  cylinder  vehicle. . . . Kaiser  Jeep  Corp...'. . . 

Apr.  4, 190 . Data  on  idle  stabiltty  and  exhaust  gas  volume  of  Toyota  Mdlor  Co.,  Ltd. . 

Apr.  9, 1969. . MmSrllmrdata . . .  Nissan  Motor  Co..  Ltd.. 

Apr.4.li5.  . -  -  ■  - 


.  tdlneeKinti,  4^  miles  or  wider . . . Chrysler  Cbrp.. 
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ENGINE  AND  VEHICU  MODIFICATION  PANa  REPORT^-Cintinued 


DMtdf 

prauMitioa 


Subjwt 


Praparad  by 


Numlwr 

olpiRn 


32.  May  t,  US8. _ Raport  on  prasaat  itatn  witli  slat«  pataand  read 

vthidai  and  thair  amiuian  chatactarittia. 

33.  May  1968. . PiaUminaiy  Mat  laaulti  wHb  noaRama  aftaftatraat 

aihauat  manifold  F-4— 134  cubic  Inch  anaina. 

34.  May  8, 1968 . Valva  timing  prapaaal  submittad  to  EVMP . . 

35.  Juna  11. 1963 .  1968  angina  idia  sotting  procaduras . 


EVMP  (atlachmants  A5,  B3.  C2, 
andDlX 

Kaiur  Jaap  Carp . 


36.  Juna  11, 1966 . Vahicla  inspaction  procadura  for  amistloo  contrel 

systams  and  davicas,  psallna  poanrad  vaMdat. 


37.  July  10, 1966 .  1966  idIa  sotting  procaduras  shop  manual  instruc¬ 

tions. 


36.  Aug.  6, 1968 . Drivaability  procadura . 

39.  Aug.  6, 1966 . Valna  timing  proposal . 

40.  Aug.  6, 1966 . Catalytic  convertar  for  amission  control. 

41.  Aug.  5, 1966 . Caramic  aahaust  manHoM  raactor . 

42.  Aug.  6, 1968 . Throttle  potitionar . 

43.  Aug.  21, 1968 . Valva  timing . 

4i.  Sa^  Id,  1968 . Raport  on  now  angina  idia  stability.. _ 


45. 

46. 

47. 
46. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 
56. 

59. 

60. 
61. 
62. 

63. 

64. 

65. 

66. 

67. 


Aug.  27, 1968 . Emissian  Inspoetion  prosantation  to  AAMVA  an 

vahicla  amission  inspaction. 

Sept  10, 1968 . Mass-flow  data . 

Aug.  22, 1368 . Rating  idle  quall^ . 

Aiit  16, 1966 . Vahirdi)  evaluation  rating  syatam . . . 

Aug.  %  1966.. _ Idia  quality  avalnations . 

SapL  /,  1968 . .  Engine  idle  stability  evaluation  procadura _ 

Sapt  10, 1966 . Eihaust  manifPM  reactors . 

SMtonb^T  t9W_,u. _ do _ _ 

(M  8, 1966 _ ".1969  emissian  conM  systams—I."""!! . 

(M  10. 1966. _ AMA  drivabillty  damonstr^n . 

Oct  7, 1968. .  1969  amission  control  systems... . 

Oct  8, 1966. .  1969  Chrysler  cleaner  air  system  compared  to  the 

1968  system. 

Oct  8, 1966 .  1969  emissian  control  systems . 

Nov.  1, 1968 . Summary  of  1969  GM  exhaust  emission  control 

svstonis. 

Nov.  12, 1968 .  1969  emission  control  systems... . 

Januanr  1969 . Exhaust  emission  control  systems.. . 

Dec.  17, 1966 . Control  sy^ms  for  1970 . 

Dec.  17, 1966 . Chrysler  1970  emission  controls . 

Dec.  17, 1968 _  1970  smisshm-cantrol  systems . 

Doc.  17, 1966. _ Summary  of  proposed  1970  amissian-cantrol 

systems. 

Dec.  17, 1968 .  1970  light  duty  vehicle  prototype  emission  control 

Sms. 

Id  vehicle  emission  control  system  for 
ta  1970  model  vehicles. 

Dec.  17, 1968 _ Control  id  oxides  of  nitrogen.. . 

Dec.  n,  1968 _ Inspection  of  amission-control  systams... . 

Dec.  17,  1968 . Supplemontary  information  on  19K  emissioR-con- 

trol  systems. 

Jan.  7, 1969 .  Investi^ions  of  NO.  control  systems . . 

Jan.  7, 1969 . Oxides  of  nitrogon  from  smallar  gasoline  engines.. 

Jan.  7, 1969 . Summary  of  proposed  1970  emission-control  sys¬ 

tems. 

December  1968 _ The  effects  of  the  ignition  system  an  exhaust 


Kaisar  Jaap  Carp.,  General 
Motors  Corn.,  Ford  Motor  Co. 
Amarican  Mmio  Coro.,  Cbiys- 
tar  Carp..  Ford  Motor  Ca., 
Ganaral  Motors  Carp.,  Inter- 
natiaoal  Harvastar  Co.,  Nissan 
Motor  Ca.,  Toyota  Motor  Co. 
Amarican  Motars  Corp..  Ford 
Motor  Co.,  Ganaral  Motors 
Carp.,  Intarnational  Harvastar 
Ca.  Kaisar  Jaap  Carp.,  Toyota 
Motor  Co.,  Ltd. 

Amarican  Motors  Corp.,  Chrys¬ 
ler  Carp.,  Ford  Motor  Co., 
Ganaral  Motors  Carp.,  Intor- 
naUanal  Harvester  Co.,  Kaiser 
Jaap  Carp.,  Nissan  Motor  Co., 
Ltd.,  Toyota  Motor  Ca.,  Ltd. 

EVMP . 

EVMP . 

Toyota  Motor  Co.,  Ltd . 

Ford  Motor  Co . 

Toyota  Motor  Co.,  Ltd . 

EVMP . 

Ford  Motor  Co.,  Amarican 
Motors  Carp.,  General  Motors 
Corp.,  Toyota  Motor  Co.,  Ltd., 
Chrysler  Carp.,  International 
Harvester  Co.,  Nissan  Motor 
Co.  Ltd. 

ESC  diairman . 


Chrysler  Corp . 

Intarnational  Harvester  Co. 

Ford  Motor  Co . 

American  Motors  Corp . 

Nissan  Motor  Corp . 

International  Harvester  Co.. 

Nippon  Denso  Co.,  Ltd . 

Twma  Motor  Co.,  Ltd . 

EVMP . 

American  Motors  Corp . 

Chrysler  Corp . 


Ford  Kotor  Co . 

General  Motors  Corp.. 


International  Harvester  Co.. 

Kaiser  Jeep  Corp . 

American  Motors  Corp . 

Chrysler  Corp . 

Ford  Motor  Co . 

General  Motors  Corp . 


International  Harvester  Co.. 
Toyota  Motor  Co.,  Ltd . 


Chrysler  Corp . 

General  Motors  Corp . 

International  Harvester  Co.. 


Ford  Motor  Co . 

Toyota  Motor  Co.,  Ltd.. 
Kaiser  Jaap  Corp . . 


Mitsubishi  Electric  Corp. 


70. 

71. 

72. 

73. 

74.  Mar.  24, 1969 _ Engine  idle  quality  test  procedure  of  Toyota _ Toyota  Motor  Co.,  Ltd _ 

75.  Mar.  27, 1969 . Reduction  of  tiitoMan  oxides  in  automobile  exhaust.  Nippon  Danso  Co.,  Ltd . 

76.  Mar.  11, 1969 . Description  of  ignition  advance  monitoring  systems.  Intomatlonal  Harvester  Co . 

77.  June  10, 1969. _ Engine  idle  setting  procedure . . . Kaiser  Jeep  Corp . 

78.  May  13, 1969 _ Quality  car  care  schedola. . . . . . Toyota  Motor  Co . . 

79.  May  19, 1969 .  Performance  of  a  catalytic  converter  on  nonleaded  General  Motors  Corp . 

fuel  SAE  paper  No.  690503. 

60.  May  22, 1969. _ Comments  by  J.  H.  Jones  6  E.  E.  Waaven— car  sys-  Ford  Motor  Co... . 

tarns  research  on  SAE  paper  No,  690503. 
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aHADST  EMISSION  IKASUMMCNT  PANa  REPOnS 


IMaol  .  ^  Huirtar 

VHHMitim  Siiblwt  Prapindby  MpafK 


S«t>L  I,  IW . A  praponl  tor  m  Inttfin  im»  ixlamt  (nlnnii 

t6St  pfOCidttft. 

Stpt  8,  1967 . A  stMHt$  tend  M  totot  aAUiv*- 

Sept  7, 1967 . CafcutoOtin  at  eikiint  nuu  PitoalaiB . 

Sapt.  8. 1987 . IntaitaB  naB  aailssion  tost  procadura  (SapL  21, 

1967)  EEMP  to  VCP. 

Oct  25,  1967 . Prepoul— axhaast  amission  eorratation  profram 

tor  EEMP. 

Nov.  20, 1967 . Curvas  and  tolslas  omissions  yarsitsvahiclawaigiit.. 

Nov.  20. 1967 . latiifim  mass  standards  for  1970 . 

Nov.  20, 1967 . Atoamptions  for  1970 cartiAcation  basad  on  ansa.. 

Nov.  20, 1967 . Catvas— Fr/cycto  varsas  anM**  displacannnt— 

laartia  waigliL 

Ian.  18. 1968. . EEMP  natas  to  ESC  on  HEW  studios  publishad 

Jan  4,  1968. 

Jan.  31, 1968. . EEMP  proposad  ravision  of  Cal.  spacificalions  lor 

aasayittf  lino  instrumant. 

laaipawr 


Ford . . 

Sanaral  Motors.. 


_ do.. 

EEMP... 


Ford. 


9. 

.lO- 

11. 

12.  Mar.  13, 1966 . Ci 


priat-out  of  bast  fit  aquation  for  Cal. 


Chryslar . 

Ganatal  Motors.... 

Ford _  _ _ 

Anwrican  Motors.. 

EEMP . 

EEMP . 

Ganatal  Motors.  .. 


13. 

14. 

15. 

16. 

17. 

11 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 
21 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

31 

39. 

46. 

41. 

42. 

43. 


45. 

46. 

47. 

41 

49. 

50. 

51. 


Mar.  13,  1968... 

Mar.  13. 1988 . FIA  of  proaana  Cal.  lasas  usinE  olson  gravimatric 

standards. 

Mar.  13, 1968 . Daimlar-Banz  lasponsa  to  HEW  1970  standards 

datod  Jan.  4, 1968. 

Mar.  29, 1968 . Considoratiaaa  in  traffic  survay  and  tsat  cyda 

davatapnooL 

Apr.  17, 1968 . EffacI  of  amission  control  systam  on  reactivity _ 

Apr.  17, 1966 . Mativa  aOlciancias  of  control  systants— table _ 

May  9, 1966 . Report  on  vatiaMa  dilution  sampling— Clark . 

May  9,  1968 . Rapart  on  NO>  maasuramant-^ng . . . . 

May  9, 1966. . Prodaction  line  tost— instrument  and  test  pro- 

coduro. 

May  28, 1968 . Tabla— sproad  batrvean  NO!  R  and  FID  analyses. . . 

May  28, 1968 . C  'tooaiison  batsman  7*niado  and  10-nwdo  cyda 

NDIR  versus  FID. 

May  28, 1968 . Wtiittakar  mathod  of  measuring  NO— strip  chart.. 

May  28, 1968 . Ptoposod  ansvmr  to  Cal.  Bay  Toil  Crossing  Divi- 

sisn. 

Juno  5, 1968 _ Strip  chart  of  NO  moasursmant  using  Whittaker 

mathod  letter  from  Whittaker  to  W.  Fai^.  Jr. 

July  23.  1968 . European  consMaration  of  atmospheric  pMlutioo 


_ do.. 

EEMP.. 


Marcadas-Bonz.. 
TSP . 


Ford . 

Chryslar . . . 

General  Motors . 

_ do . 

American  Motors  and  California 
ARB  staff. 

American  Motors . 

Intamational  Harvester . 


Chryslar.. 

EMP.... 


EE 

Chrysler.. 
AMA . 


July  17, 1968 . Comparisoa  of  amission  roactivitias— taMa  1 . 

July  17, 1968 _ Number  of  hydrocarbons  evaluatod  undor  con- 

cokMUoiis. 

July  17, 1968. . Graphs  pbrs  computer  sumraarias— HC  reactivity 

versus  cone,  by  C.  G. 

July  17, 1968 . Comparison— HC  cone,  by  C.  G.  versus  FID _ 

July  17,  1968. . Cocralattoo— raactfvity  and  gas  chroantoiiaphy... 

July  17. 1968 _ SAE^gapar  680419— FID  tachnkma^Cm  di^ 

July  17, 1968 _ CotntoUon  batoraon  7-moda  and  USPHS  10-modo 

cycles  Clark. 

July  17. 1968. _ Schematic  diagtam— NO  and  Oi  Instrumant  oao' 

SOtea 

July  17, 1968. _ Ralativa  sensitivity-  -FlOanalyiar . . . 

July  30, 1968 . Massurament  proetdurs— NO  for  California,  1970. 

July  30. 1968 _ Background  dato  tor  cahmlaliimNOv  tor  CaHfernia. 

July  30, 1968 . Cor^tion  program- HEW-AMA  Labs— Wastvaar. 

July  30, 1968 _ Ra^^  m  maemvily  to  ESC  fraai  )oM  ACP  and 

Aug.  5, 1968 . Rapart  an  maairmimant  procadura  tor  NO  Cali* 

totiiiia,U70. 

Sapt  11,  1968.....  CooHnsaua  Traoa-Rato  of  ardMuat  Radr,  tO-mudo 
cyda. 

Sapt  lU  1968 . Maas  Ibvr  dato-My  (7-varsus  HHnodo  cycto^. 

Sapt  11, 1968. _ Laftar— Joirsaa  to  Miia  Mam  anriaiian  maaanro- 

mant  Mahiriqnp. 

Sept  11, 1968 . Table— Fuel  moasursd  mass  compared  with  calen- 

Sapt  11, 1968. _ Rspaarability  of  no  fflaasursmant  taehniquo— 9 


Oonoral  Motors.. 
. do . 


.do.. 

.do.. 


Ford. 

International  Harvestar.. 


General  Motors.. 

_ do. . 


Chryslar.. 

EEMP.... 

Chrysler.. 

EEMP.... 

EEMP.... 


EEMP . 

Chryslar.... 

....do.... 


Dac.  3, 1968 . Commanto  to  ESC  an  CaHtonria  law  AB  3e7-Aa> 

lauilly  Rua  tost 

Jan.  27, 1969 _ RanaK  enWO>  humidity  factor— Maada _ 

Jan.  27, 1969 _ EEMP  tp  ESC  report  on  Calltornia  ARB  aiaemMy 


Chryslar . 

General  Motoia.. 
EEMP. . 


Feb.  5, 1969 . European  driving  cyda— Rapart  l»  F.  Louis. . 

Fab.  18, 1969 . EahauM-Rew  mathod  of  mssa  mopsunwont— 

Fagtoy. 


EEMP.... 

Renault.. 

Chryslar.. 
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EXHAUST  EMISSION  PANEL  HENORTS-CMlhiMU 


TMt  af  Numbtr 

Twanlition  Subjact  Prapared  by  o(  papaa 


52.  Fab.  18, 1889 . Mass  amissioii  proiram— Nkk . 

53.  Mar.  4, 1989 . Commants  on  Calirornia  proposad  assamUy  Una 

last  piacadiins. 

■54.  Mar.  18, 1989 . Elfacl  of  moistura  on  NO,  amissions . 

55.  Mar.  20, 19^ . EffacI  of  fool  eomposilion— on  HD/NDIR  ratio— 

Campau. 

58.  Mar.  28, 1989 . Rsdudion  of  NOi  manifold  raactnr— Tanako  at  al.. 

57.  Apr.  11, 1969 . Exhaust  amission  maasuramont  eorralation  pro- 

pram— Wastvaor. 

58.  Apr.  14, 1969 _ Supplomant-Hnoisturs  on  NOi-HK  factor  calcula¬ 

tion. 

59.  Apr.  21, 1989 . Commonts  on  forsian  cycles— Lombardi . 

so.  Apr.  30, 1989 . HC  moasuramont  by  FID— imptovad  rasponsa— 

Taapua. 

SI.  May  29, 1989 . Oiaprams  of  sampiinp  and  analytKOI  systems— 

proposad. 

82.  June  5, 1989 . Efiactiva  and  aconomic  control  of  auto  emissions— 

Sarto. 

83.  July  1,  1969 . Preliminary  evaluation  of  NO,  analyzer— Jackson . 

84.  July  1, 1969 . Ootarmination  of  COi  at  Wahnsdorf,  Germany— 

publishad. 

85.  July!,  1989..  ...  Comparison  of  3  dynamometers  in  Germany . 

56.  July  1, 1969 . Dynamometer  effacts  on  emissions  usinp  CVS _ 

87.  July  23, 1989 . Foreign  cycle  evaluation — Lombardi _ _ 


GaiMral  Motors.. 
Toyota . 


Ethyl. 

Ford.. 


Nippon  Denso.. 
EEMP . 


Ethyl.. 


EEMP . 

ACP/EEMP. 


EEMP.. 

EVMP.. 


General  Motors.. 
Mercedes- Benz.. 


_ do.. 

Nissan. 

EEMP... 


33 

5 

24 

11 

12 

4 

2 

3 

3 

4 

7 

3 
2 

4 
2 
2 


HEAVY  VEHICLE  PANEL  REPORTS 


1.  Mar.  7. 1W9 .  Evalttalion  control  procedures  for  heavy  trucks _ HVP.. .  4 

2.  Mar.  26. 1969 _ Reduction  of  nitrogen  oxides  in  automobile  exhaust.  Nippon  Denso . II 

3.  May  22, 1969 _ Oufiine  fbr  research  program  fbr  heavy  vehicle  HVP.. .  2 

omission  data. 


AD  HOC  TRAFFIC  SURVEY  PANEL  REPORTS 


1.  May  24, 1967 . Comparisen  of  Chrysler  50,000  mile  and  AMA  Chrysler  Corp .  4 

durability  scehdules. 

2.  May  2L  1957 _ Comparison  of  durability  schedules . General  IRelnrs  Corp .  1 

3.  Mar.  27  1988 . Consideration  in  traffic  survey  and  test  cycle  Gonenl  Motors  Corp.,  Chry^  3 

dovalopmenL  Corp.  Fard  Motor  Co. 

4.  SepL  30, 1988 . Background  of  vahicio  exhaust  gas  text  procedures  Toyota  Motor  Co.  Ltd .  4 

in  Japan. 

5.  Feb.  5, 1989 _ European  driving  cycle _ _ _ RenauH... .  4 


ATMOSPHERIC  CHEMISTRY  PANEL  REPORTS 


T.  Mar.  4, 1969., . Nitrogen  oxides  in  the  atmosphere . ACP .  34 

2.  July  8,  1969 . HEW  meeting-Cincinneti  reactivity  ultaris . ACP .  6 


VEHICLE  EMISSION  SURVEILLANCE  PANEL  REPORTS 


1.  OcL  11, 1967 _  1967surveillance  program  on  high  mileage  exhaust  Ford  Motor  Co .  23 

omission  equipped  vehicles. 

2.  Mar.  27. 1969 . Hot  versus  cold  start  survailanca  tasUng . . VESP .  9 

3.  June . ,  1969 . SurvetHenea  data  summary  re^te  . VESP .  5 


FUEL  SYSTEMS  EMISSION  PANEL  REPORTS 


1.  OcL  18, 1987 . Letter  from  AMA  to  NAPCA  outlining  available  AMA-VCP,  Qenaral  Motors. 

data  on  ovaporativa  control  systems. 

2.  Oct  25, 1987 _ Charcoal  canister  evaporative  emissions  control  General  Motors . 

system. 

3.  Oct  25, 1967. . Cranheeae  storafe  of  evaporative  etpl..uoi» . do . 

4.  Dec.  1,1987 . Carbon  air  cleaner  evaporative  control . Ford . 

5.  Doc.  1, 1967 . Crankcase  storage  system— Evaporative  control . do . 

S.  Dec.  1, 1967 . History  of  avapeiativa  control  studies . ...do . 

7.  January  1988 . Chrysisrclosad-vant  system . Chrysler . 

8.  January  1968 . AMS  eiaperetive  ayatems . Aiaerican  Molars . 

9.  Apr.  24, 1988 . Results  of  lab  cross  program . FSEP  (charts) . 

10.  JuheH1988 . Evaporative  loss  data.. . . . do . 

11.  July  196L . AbaerpMon  of  HC  vapor  by  charcoal . . . TMota . 

12.  Aug.  23, 1968 . Proposad  procedure  fpr  determination  of  liquid  FSEP . 

fuel  losses  from  nwiclo  fuel  tank. 


10 

9 


18 

10 

15 

13 

8 

G 

5 

7 

15 
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Fua.  SYSTEMS  EMISSIONS  PANEL  REPORTS-Contfnued 


Mt  «f  Number 

pfmnntttlon  Subject  Prepared  by  ol  pepes 


13.  SepL  27, 196S. 

14.  Oct  15. 1968.. 

15.  Mar.  18, 1969. 

16.  Mar.  24, 1969. 

17.  Mar.  24, 1969. 

18.  Mar.  24, 1969. 


19.  Mar.  25. 1969. 

20.  Mar.8,\969.. 

21.  Apr.  18, 1969. 


22.  Apr.  23, 1969. 

23.  Apr.  23. 1969 

24.  Apr.  28, 1969 


25.  May  5, 1969... 

26.  May  6, 1969... 

27.  May  18, 1969.. 

28.  July  1,1969.. 

29.  July  18, 1969.. 


Proposed  procedure  lor  detamlnatian  of  liquid  . 

fuel  from  vaMde  fuel  tank. 

Joint  (FSEP  and  HVP)  report  to  ESC  on  test  pro-  FSEP . 

cedure  for  heavy  truck  losses. 

Prollminary  proRress  report  of  shred  test  pro-  FSEP . 

cedure. 

Fuel  temperature  versus  vapor  temporaturo .  Kaiser  Jeep . 

Comparison  of  evaporating  tost  procedures .  Ford . 

GM  test  on  effect  of  heating  test  on  evaporator  General  Motors . 

emission. 

Deterioration  factor  of  evaporator  emission  data...  Toyota . . . 

Comparative  shed  tests . . . Generat  Motors  (charts) . 

Report  ol  evaporator  testing . . Ford,  General  Motors,  Chrysler, 

American  Motors. 

Effect  of  heating  method  of  fuel  tank  on  evaporator  Nissan  .• . 

emission. 

Heating  pad  installation  versus  fuel  tank  emissions.  Kaiser  Jeep . . . . 

Review  of  shed  testing  data . Ford.  American  Motors,  Chrys- 

lor. 

Fuel  tank  heating  methods . . . FSEP . 

Laboratory  cross  check  program . .  FSEP . . . 

Shed  test  on  control  equipped  cars. : . . General  Motors . 

Comparison  of  evaporation  teat  sequences . FSEP . . . . 

Proposals  lor  engineering  acceptance  of  ovapora-  FSEP . 

tion  control  systems. 
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2 
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2 
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2 
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September  15,  1969. 

Hon.  RIOBABD  W.  MOliABEN, 

A.ssistant  Attorney  General,  Antitrust  Division,  Department  of  Justice,  Washing¬ 
ton,  D.C. 

Dear  Mr.  McLaren  :  I  have  your  letter  of  September  11,  1969  Indicating  that 
the  Antitrust  Division  preferred  to  propose  a  consent  decree  with  the  four 
major  auto  manufacturers  and  the  Automobile  Manufacturers  Association 
<AMA)  instead  of  proceeding  to  full  trial.  The  Department’s  press  release,  but 
not  the  full  text  of  the  consent  decree  proposal,  was  enclosed.  There  is  a  sig¬ 
nificant  difference  between  the  two — the  press  release  was  an  optimistic  glo.ss 
that  could  and  did  mislead  the  press  into  reporting  that  the  Division  had  ob¬ 
tained  a  victory  for  the  people  in  achieving  a  stipulation  from  the  domestic  auto 
industry  that  they  will  obey  the  antitrust  laws  in  the  future  in  return  for  the 
Division’s  forgetting  the  past  and  keeping  past  records  about  the  industry’s  con¬ 
spiracy  confidentiaL 

What  the  domestic  auto  companies  conspired  over  a  period  of  at  least  16  years 
to  do — restrain  the  development  and  marketing  of  auto  exhaust  control  systems — 
is  a  crime  under  the  Sherman  Act.  Collusive,  anti-competitive  agreements  which 
result  in  seriously  jeopardizing  the  capacity  of  citizens  to  breathe  air  without 
carcinogenic  and  other  lethal  and  violent  pollutants  would,  under  the  most 
normal  of  expectations,  be  prosecuted  by  the  Division  as  a  crime.  That  course 
of  enforcement  was  indeed  initiated  by  your  predecessors,  Donald  Turner  and 
Edward  Zimmerman  in  mld-1968.  Grand  Jury  proceedings  for  18  months  re¬ 
sulted  in  the  Division’s  trial  attorney’s  request  to  Mr.  'Turner  for  permission 
to  ask  the  Grand  Jury  to  return  an  indictment.  The  Grand  Jury  was  even  willinc 
to  return  an  indictment  regardless  of  what  instructions  were  forwarded  from 
Washington — so  convinced  was  it  of  the  criminality  of  the  behavior  detailc'd 
during  these  18  months.  Mr.  Turner  dropped  the  criminal  case,  without  any  pub¬ 
lic  explanation,  and  had  the  Grand  Jury  discharged.  One  year  later,  in  January 
1969, .  a  dvil  complaint  was  filed.  Nine  months  after  that,  the  civil  complaint 
was  in  effect  dropped  in  favor  of  a  porous,  proposed  consent  decree,  stripped  to 
the  minimum  of  what  the  legitimate  impact  of  the  law  should  have  been. 

Is  this  where  five  years  of  Antitrust  Division  involvement  and  expenditure  of 
numerous  man-years  is  to  end?  I  should  like  to  detail  some  reasons  why  the 
answer  to  this  question  must  be  "no.” 

Over  the  years,  a  large  proportion  of  the  civil  actions  brought  by  the  Antitrust 
Division  have  been  terminated  by  consent  decrees.  The  criteria  employed  have 
rarely  been  made  clear.  However,  it  is  known  that  scarce  manpower  and  judicial 
delay  are  important  factors.  Tear  after  year,  those  who  have  lead  and  supervised 
the  Antitrust  Division  have  undermined  or  weakened  antitrust  enforcement  by 


simply  refetrtiiK  to  tiiose  two  coadltlons.  At  the  same  time,  tbere  lias  been  no 
sustained  effort  to  obtaia  more  funds  for  tbe  Division  or  to  develop  procedures 
(with  the  exeeptimi  of  the  OID  devdopnmnt  earlier  in  this  decade)  which  will 
accelerate  any  Judicial  recourse  or  at  least  improve  the  bargain^  power  of  the 
government  ttot  more  expendltious  trial  reflects. 

It  seems  to  be  relevant  to  suggest  a  number  of  questions  which  should  be 
asked  in  the  automobile  smog  case  before  a  consent  Judgment  is  considered  or 
apinroved: 

1.  Are  there  important  and  unresolved  issues  of  law  which  merit  Judicial 
determination? 

2.  Are  there  Important  rights  of  public  and  private  institutions  and  citizens 
which  can  be  eroded  or  erased  by  a  consent  Judgment  as  proposed? 

8.  Does  the  seriousness  of  the  antitrust  violation  in  this  case  argue  for  the 
greater  deterrent  and  public  educational  purposes  achieved  by  a  dvil  trial  or 
the  resumption  of  the  Division’s  criminal  action? 

4.  Does  the  prt^Ktsed  consent  decree  achieve  the  announced  objective  of 
Attorney  Qeneial  John  M.  Mitchell  who  described  it  last  week  as  representing 
“strong  federal  actl<m  to  encourage  widespread  competitive  research  and  market¬ 
ing  of  more  effective  auto  anti-pollution  devices?” 

Matters  of  fact  and  law  point  to  clearly  affirmative  responses  to  questions  (1) 
(2)  A  (3)  and  a  negative  response  to  question  (4). 

The  present  case  offers  an  excellent  opportunity  for  the  Antitrust  Division 
to  estaUish  Judicially  two  important  principles  which  would  have  enormous 
replicative  value  over  the  behavior  of  modern  industry  striving  to  restrain  the 
rate  of  Innovation  to  the  detriment  of  competition  s ’d  human  welfare.  As  you 
know,  the  Department’s  complaint  of  January  10,  requested  that  the  defend¬ 
ants  be  restrained  from  making  Joint  responses  to  ..ovemment  regulatory  agen¬ 
cies  concerned  with  air  pollution  control.  For  yer  thi  Automobile  Manufactur¬ 
ers  Association  has  been  the  Instrument  of  precise  c».^,aslon  by  the  auto  companies 
to  develop  common  positions  on  questions  of  pollution  and  safety  and  to  head  off 
or  suppress  any  potential  diversity  of  response.  Even  after  the  Department  com¬ 
menced  its  Investigation  into  this  conspiracy,  the  AMA  was  developing  and  using 
a  stock  speech  on  air  pollution — ^a  speech  which  was  given,  for  example,  both  by 
Dr.  Fred  W.  Bowditch,  Chief  Engineer  for  General  Motors  and  Mr.  Donald  A. 
Jensen.  Ford’s  executive  engineer  in  charge  of  vehicle  emissions.  Collusive  trade 
association  activity  continues  to  be  a  prime  anti-competitive  practice  in  this  coun¬ 
try.  Such  activity  is  long  overdue  for  authoritative  Judicial  resolution  and  the 
emergence  of  Judge-made  law  that  would  give  pause  to  other  trade  associations 
which  exert  similar,  if  not  greater  control,  over  their  members  and  enforce  the 
dominant  flrm(s)’  policy  over  smaller  industry  firms.  The  proposed  consent 
decree  ioses  this  opportunity. 

The  second  principle  requiring  case  law  development  relates  to  “product  fix¬ 
ing.”  The  automobile  Industry  has  restrained  competition  among  manufacturers 
in  the  area  of  product  quality.  The  consumer  movement  can  produce  numerous  in¬ 
stances  of  such  lowest  common  denominator  quality  throughout  an  industry. 
The  auto  companies  activities  in  the  motor  vehicle  emissions  field  are  in-this 
sense  symptomatic  of  a  disease  which  affects  wide  areas  of  the  economy.  By 
not  moving  against  this  sort  of  collusion,  the  Division  has  relinquished  an  op- 
portrmlty  to  formulate  a  crucial,  new  precedent  that  is  rooted  in  old  antitrust 
doctrine  The  instant  case  is  ripe  for  this  determination  and  the  Division  has 
the  benefit  of  five  years  of  investigation  as  well. 

Because  the  antitrust  laws  recognize  tbe  rights  of  persons  or  groups  to  initiate 
^vate  antitrust  actions,  the  Division  is  in  a  trusteeship  position  thereto.  Any 
d^sion  made  must  take  into  some  account  how  the  final  resolution  will  affect 
the  rights  of  private  and  public  parties  under  the  antiturst  laws.  In  this  case, 
mnnldpai  and  other  public  bodies  have  displayed  a  strong  interest  in  antitrust 
enfocrement  vs.  the  auto  conspiracy  as  well  as  recovering  in  separate  actions 
usages  which  they  have  incurred  as  a  result  of  auto  pollution.  Tbe  possibility 
that  local  governmental  bodies,  business  firms  and  individual  citizens  may  wish 
to  adjudicate  their  rights  is  severely  limited  by  the  proposed  consent  decree.  As 
you  know,  Section  5  of  the  Clayton  Act  provides  that  consent  judgments,  unlike 
other  final  Judgments  in  cases  brought  by  the  United  States,  shall  not  be  con¬ 
sidered  prima  facie  evidence  against  the  defendant  in  a  treble-damage  suit.  The 
practical  effect  of  this  provision  is  that  potential  treble-damage  plaintiffs  would 
have  to  duplicate  the  investigative  process  which  took  the  I^partment  several 
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7«ara  «b4  wvcnd  huaAreda  of  thooMUtdi  •<  <Mltni  otcb  with  its  extnutrdiiiurr 
dlBcovery  powers.  Los  Anpoles  Csontp  mtnaOj  bss  filed  m  one  bandied  million 
dollar  salt  agidnst  tlw  aatentsbtts  msBOtfiotniars,  seeing  to  recoup  some  of  the 
loss  to  tbe  €oaady  nsoltlng  from  this  ootposate  conspicacy  to  bifid  back  on 
pc^nUon  controls,  rortber,  the  Cattfomia  ▲ttosney  Oeneral,  acting  on  behalf 
of  StabB^  bas  boeo  denied  access  to  the  Jnstice  Itepartmeat’s  information 
about  tbe  ante  poUotion  case,  nie  erldeace  of  the  coospinicv  exists  in  tbe  Justice 
Ltepartment's  possession  and  tbe  Department  seems  determined  not  to  have  any 
of  it  Burftiee  la  a  public  triaL  In  a  critical  treatment  of  the  Department's  consent 
degree  program  ten  years  ago,  tbe  House  Antitrust  Subcommittee  described 
prMis^  this  elEcct : 

The  almost  inevitable  cimsednesee  of  the  acceptance  of  a  consent  decree  by 
the  De^urtment  of  Jnstice  ...  is  to  deprive  suitors,  who  have  been  injured  by 
the  ualawf(ii  conduct,  of  theic  statutory  remedies  under  tbe  sntitruBt  laws.” 

Tbe  Department’s  complaint  charges  the  auto  industry  with  collusive  behavior 
having  devastating  consequences  for  the  peififies’  health  in  this  country.  At  least 
50%  of  tbe  nation’s  air  poUntiw  comes  from  the  motor  vehicles’  internal  com- 
bu^on  engines.  Medical  and  other  epidemiolotdcal  studies  have  linked  these 
l>ollutants  with  diseases  ranging  from  cancer  to  emphysema.  Pri^rty  damage 
from  corrosive  poUutants  is  estl^ted  at  fil3  billion  annually  by  federal  officials. 
Half  of  this  amount  Is  a  very  substantial  cost  inflicted  on  this  nation  by  tbe 
auto  industry’s  intransigent  refusal  to  innovate  over  tbe  past  generation.  Can 
anyone  deny  tbe  need  and  beneflt  for  tbe  public  to  learn  about  the  nature  and 
depth  of  this  colossal  corporate  crime?  Tbe  citixena  of  this  country,  who  are  tbe 
customers  of  this  industry,  have  a  right  to  know  the  extent  to  which  the  auto 
companies  are  deliberately  responsible  for  the  enormous  health,  economic  and 
aesthetic  damages  caused  by  the  internal  combustion  engine.  One  of  tbe  pur¬ 
poses  of  a  pnbllc  trial  is  deterrence;  the  Division  bas  chosen  to  lose  a  grand 
opportunity  to  bring  these  comimnies  and  their  harmful  practices  into  the  public 
arena  of  a  courtroom.  This  aspect  of  the  Division’s  case  alone  would  have  a  greater 
deterrent  effect  than  the  tightest  of  consent  judgments.  Since  it  is  not  any  longer 
the  practice  of  antltmst  enforcement  to  pierce  the  corporate  veil  and  hold  tbe 
culpable  officials  responsible,  a  public  trial  would  at  the  least  have  shown  that 
such  corporate  officials  are  holding  far  greater  power  over  citizens  in  this  coun¬ 
try  than  they  can  exercise  responsibly  or  even  legally. 

What  of  the  proposed  consent  decree?  The  proposal  can  hardly  be  stronger 
than  the  complaint  which  itself  is  the  result  of  a  process  of  enforcement  erosion 
which  began  with  an  intended  drminal  prosecution  and  ended  with  a  meek 
request  for  injunctive  relief.  The  complaint  did  not  even  contain  a  request  for 
tbe  imposition  of  civil  damages  pursuant  to  the  antitrust  laws.  (Like  the  drug 
cases,  the  federal  government  has  incurred  damage  to  its  property  and  personnel 
from  this  conspiracy.)  The  process  of  secret,  ex  parte  type  negotiations  with 
representatives  of  corporate  defendants,  in  particular  Lloyd  N.  Cutler,  counsel 
for  the  AMA,  discourages  confidence  in  antitrust  enforcement  and  facilitates 
sloppy  or  political  decidon-making.  When  decisions  can  be  made  without  prior 
citizen  access  or  without  criteria  publidy  displayed  on  which  such  decisions 
are  rendered  or  without  adequate  explanation,  abuses,  distortions  and  lacera¬ 
tions  of  the  public  interest  can  occur  with  greater  frequency  than  would  be  tbe 
case  otherwise. 

The  following  weaknesses  can  be  cited  in  tbe  proiwsed  consent  decree ; 

1.  There  is  no  provision  requiring  the  keepli^  of  records  by  the  defendants. 
For  example,  the  Department  has  no  assurance  that  mlnntes  or  transcripts  will 
be  kept  of  AMA  committee  meetings  on  poDutlon  matters  or  that  there  will  l>e 
records  kept  of  informal  discussions  betwemi  executives  and  representatives  of 
various  auto  companies.  A  section  of  the  proposed  decree  requires  written  reports 
concerning  any  matters  contained  in  tbe  decree,  bnt  only  "upon  the  written 
request  of  tbe  Attorn^  General  or  the  Assistant  Attorney  General  in  charge  of 
tbe  Antitrust  Division.  .  .  .”  If  tbe  Department  is  serious  about  its  surveillance 
responsibilities  over  the  consent  Judgment,  why  doesn’t  the  proposed  decree 
place  an  affirmative  responsibility  on  the  companies  to  make  periodic  reports 
concerning  the  matters  covered  by  the  decree?  Why,  for  Instance,  are  not  the 
companies  required  to  report  the  terms  of  all  licenses  granted  and  purchased? 
Why  are  there  no  reports  on  the  status  of  reeearcb  relating  to  motor  vehicle 
emissions? 

The  task  of  surveillance,  effective  snrveillance,  is  so  formidable  that  it  raises 
a  question  whether  the  Division  is  even  less  equipped  to  monitor  compliance 
with  the  decree  than  it  is  to  engage  in  complicated  litigation  which  would  permit 
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otter  porttM  to  teoe  tte  Intormotttp  on  white  to  teae  thotr  Tictenee  ncainst 
antttraat  vlolnthMM  Iv  the  note  liirt—hy.  Certninly  tte  teme  of  tte  dacree- 
PTopoood  lost  week  do  not  tkcUUitnto  enmtUnnoe.  Neiteer  does  tte  feet  ttet  tte 
Dlriaieiie  Jnd— nent  Seetton  la  nmnpoanil  of  onlj  12  proteaalonal  peraonnel  with, 
no  nutfo  tten  half  that  munbar  havlns  the  bnntei  of  tcjlng  to  aee  that  tte  many 
hoadiada  of  oeneent  decraea  an  betac  onaipHed  with.  Jodeed  on  any  baaia — coat 
benettt,  Impoflhnne  of  tte  oaao  tee.,  tte  naoBrow  white  tte  IdTiaion  can  devote 
to  Udi^tlon  are  greater  tten  thoee  devoted  to  comidlaiMe. 

2.  Section  V1(A)  (S)  of  the  paopoaed  decree  requliea  defendant  AMA  to  make 
avallahte  for  copy^  or  for  eznmlnatbm  by  any  pereon  the  techaiCHl  reports  lu 
Ita  poaaoaalon  or  control  prepared  or  exchanged  by  defeadanta  pnaanant  to  aaid. 
croes-Ucense  within  two  years  petlor  to  the  entry  of  thla  Final  Judgment  Why 
only  two  years  when  the  Department  alleges  tte  coniq>icacy  to  have  begun 
at  least  in  1963  and  ndtmi  tte  Department  alleges  spedfle  cmisptracies  to  delay  iii<^ 
stallations  In  1901, 1902-d  and  1961.  There  is  also  tte  onerous  additional  proviso 
tbat  any  pwson  who  requeata  such  information  agrees  to  teier  eate  signatoroy 
party  to  the  AMA  cross-licensing  agreement  of  July  1, 1965,  as  amended,  and  any 
subsidiary  thereof,  nonexdnsive  license  rights  with  respect  to  any  patents  or 
patent  appUcationa  based  upon  information  obtained  from  AMA  or  its  mem- 
bm  vrfao  are  defendants  in  this  case.  This  proviso  can  vitiate  tte  purpose  of 
the  aitorementioned  section  VI(A)  (3)  since  it  requires  firms  or  individuals  to 
become  entantfed  in  a  aerioos  risk  of  harassing  litigation  where  the  richest  firm 
wins.  What  snail  firm  is  going  to  take  tte  risk!  Consequently,  the  purpose  of 
this  sectloa  to  encourage  proliferation  of  information  collnsively  obtained  or 
possessed  so  as  to  promote  competition  falls. 

3.  Two  provisions  white  the  Department  emphaslBed  in  its  September  11, 1969 
press  release  were  tte  restraint  against  exchanging  confidential  Informatiou 
(IV  A  2  a)  and  the  restraint  against  filing  Joint  statmuents  (IV  A  2  g)  to  regula¬ 
tory  agendes  or  matters  pertaining  to  pollution  or  automotive  safety  are  sched¬ 
uled  to  acpire  quietly  in  ten  years  under  Section  IX  of  the  proposed  decree  unless 
the  D^tartment  applies  for  a  continnatlon  after  nine  years.  Why,  if  these  two- 
practices  are  considered  anticompetitive — and  indeed  they  go  to  the  base  of  the 
conq>tracy— will  they  be  any  less  anticompetitive  in  ten  years? 

In  the  case  of  the  proposed  restraint  on  joint  statements,  the  qualifications 
make  the  restraint  mere  paper  In  impact.  These  exemptions  to  the  ban  on  Joint 
statements  via  the  AMA  are:  statements  relating  to  (1)  the  authority  of  the 
agency  involvliig ;  (2)  the  draftsmanship  of  or  the  sdmitiflc  need  for  standards  or 
regulations ;  (3)  test  procedures  or  test  data  relevant  to  standards  or  regulations ; 
or  (4)  the  general  engineering  requirements  of  standards  or  regulations  based 
upon  publicly  available  information.  In  addition,  the  proposed  decree  (IV  (A) 
(1)  (g) )  permits  joint  filing  on  the  critical  point  of  ability  to  comply  with  a  par¬ 
ticular  standard  or  r^^ation  If  there  Is  a  written  agency  anthoriiation  for 
such  a  Joint  statement  Wtet  kind  at  naivete  or  Incompetmice  does  this  drafts¬ 
manship  reveal  on  the  part  of  the  public’s  represmitatives  in  yonr  Division?  Mr. 
Cutler  has  probably  dnfted  a  form  request  to  the  various  agencies  on  behalf 
of  the  AMA  to  take  advantage  of  Jnst  tbat  blatant  loophole,  and  will  abroach 
the  agencies  at  the  appr«q[>rlate  time. 

4.  There  is  no  provision  for  requesting  tte  Court  to  release  the  Grand  Jury 
transcript  and  otter  documents  in  order  that  third  parties  have  the  opportunity 
to  adjudicate  their  rights.  Even  in  the  case  of  V.8.  vs.  Harper  and  Bow  et  al 
(the  book  conspiracy  case),  the  Division  had  a  information  release  provision. 
There  is  also  no  ban  on  the  testmetion  of  corporate  or  AMA  documents  re  the 
conslpiracy  since  1903. 

In  the  light  ol  the  fore-going  and  other  arguments  made  to  your  staff  by 
concerned  public  representatives,  I  urge  you  to  withdraw  your  consent  to  this 
proposed  decree,  as  provided  for  on  page  1  of  the  stipulation,  and  reconsider  the 
necessity  to  initiate  criminal  action  against  the  defendants  or  at  the  least  a  civil 
action  ^th  broader  relief  than  requested  by  the  January  10,  1969  complaint. 
In  the  most  unsatisfactory  alternative,  the  proposed  decree  should  be  amended 
to  take  into  account  and  eliminate  the  afore-mentioned  deficiencies  and  to 
incorporate  a  strong  information  disclosure  provision  so  tbat  third  parties, 
such  as  Los  Angeles  (joimty,  can  do  the  Job  tbat  your  Division  failed  to  do.  Better 
a  trial  sought  and  lost  than  a  consent  decree  gained  in  the  form  of  a  legal  fiction 
and  propp^  np  by  a  compliance  capability  tbat  is  beyond  pathos. 

During  your  reconsideration.  If  you  so  undertake  one,  may  1  suggest  that  you 
take  note  of  the  following  commentary  on  the  infirmity  of  the  consent  decree  and 
its  continuing  ludicrous-tragic  Infrastructure : 
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“Wken  a  oonwrate  official  knows  tbat  the  prohabiUtiea  ore  that,  if  bis  acttvities 
are  detected,  antlferast  attack  on  a  pn^ooed  economic  program  can  be  comdnded 
amicidily,  with  no  notoriety,  and  with  little  danger  of  leanltant  pciTate  antitmst 
actlona,  there  ia  virtually  nothing  to  lose  and  evcsything  to  gain  from  undertaking 
a  QuestioiiaideprogramL  Large  scale  use  of  the  consent  decree  to  conclude  antitrust 
suits  Institated  I9  the  Onlted  States,  thmcefore,  amounts  to  an  InTltatlon  to  cor¬ 
porate  offlotos  to  undertake  actlvitlea  which  may  violate  the  law.”  (1958  House 
Antitmst  Subcommittee  B^rt) 

In  conidnalon,  I  should  like  to  ask  the  following  questions : 

1.  What  allocation  of  cqmi^lance  manpower  do  yon  envision  necessary  for 
even  the  minimal  provisions  of  the  proposed  consent  decree?  What  comiffiance 
program  has  been  devdiqied? 

2.  The  reason  given,  among  others,  for  resorting  to  the  consent  decree  resolution 
was  the  protracted  delay  In  the  courts  and  the  manpower  drain.  How  do  you 
envision  responding  to  tUs  state  of  affairs — by  relying  more  heavily  on  consent 
decrees  as  your  case  load  builds  up  or  by  constracting  the  case  for  doubling 
or  quadrapllng  your  staff  and  resources  if  the  remnants  of  the  competitive  enter¬ 
prise  system  are  to  be  preserved  and  taking  that  case  to  the  Congress  and  to  the 
public?  As  yon  realise  every  day,  the  Antitmst  Division’s  budget.  In  real  terms, 
has  not  increased  over  the  past  six  years — once  pay  increases  etc.  are  accounted. 
This  year,  the  entire  budget  for  the  Antitmst  Division  permits  a  manpower  base 
of  about  170  practicing  attorneys  (about  the  size  of  the  largest  private  taw  firms) 
and  in  dollar  terms  is  equivalent  to  approximately  3  hours  gross  revenue  (on  a 
24  hour  basis  year  around)  of  General  Motors.  Is  It  not  time  to  unveil  the  farce  of 
antitmst  enforcement  and  proceed  to  substance? 

3.  Do  you  intend  to  set  forth  your  philosophy  on  consent  decree  uses  and  pro¬ 
cedures  in  the  near  future?  Do  you  believe  that  the  public  should  have  access, 
in  terms  of  input  and  commentary  on  Departmental  proposals,  before  the  consent 
decree  agreement  is  announced.  A  few  years  ago,  the  Department  adopted  the 
30  day  mle  to  give  Interested  parties  time  to  file  their  objections ;  but  this  is  late 
for  many  Interested  parties  and  by  this  time  the  Department  has  made  up  its  mind. 
What  is  necessary  is  to  give  the  public  at  least  a  partial  access  to  persuade  the 
Department  Instead  of  the  present  secret  negotiations  between  the  Department 
and  the  defendants. 

4.  Tour  predecessor,  Donald  Turner,  looked  dimly  on  private  antitrast  efforts 
as  unduly  dlsmptive  of  the  Department’s  public  policy  on  antitmst.  Do  you  share 
this  reservation?  Do  yon  think  the  proposed  consent  decree  is  adequate  to  permit 
third  parties  to  adjudicate  their  rights? 

5.  Do  you  not  concede  the  likelihood  of  anticompetitive  effects  flowing  from 
grantback  provisions  (such  as  In  iyB2b)  which  mn  counter  to  the  announced 
thrast  of  the  consent  decree  proposal  ? 

By  including  the  comments  of  Dr.  Lee  A  DuBrldge,  President  Nixon’s  science 
advisor,  and  the  approval  of  the  Department  of  Health,  Education  and  Welfare, 
in  your  September  11,  1909  press  release,  you  recognize  the  broad  policy  signif¬ 
icance  of  this  auto  smog  antitrast  case  and  the  proposed  consent  decree.  Others  in 
Congress  and  In  local  governments  agree.  There  is  every  indication  that  this  is 
going  to  be  the  most  widely  contested  decree  in  antitrast  history.  In  order 
to  have  the  opportunity  for  timely  Intervention,  within  the  30  day  limit.  I  would 
appreciate  receiving  your  responses  on  the  aforenoted  requests  for  more  stringent 
legal  action  against  the  auto  Indn8ti7  and,  alternatively,  for  stricter  relief  in  the 


consent  decree. 

Thank  yon  for  your  consideration  of  the  above  suggestions. 
Sincerely  yours. 


Ralph  Nader. 


Los  Anoeles  County  Intervenes  in  Smog  Case 
( By  Hon.  George  E.  Brown.  Jr. ) 

Mr.  BROWN  of  California.  Mr.  Speaker,  last  week  the  Los  Angeles  County 
Board  of  Supervisors  acted  to  Intervene  as  a  plaintiff  in  the  antitrust  case  pending 
against  automobile  manufacturers  accused  of  conspiracy  to  limit  development 
of  effective  air  pollution  controls. 

The  complaint  and  the  notice  of  motion  include  some  vital  analysis  relevant 
to  the  issue  of  allowing  a  consent  decree  in  this  case,  and  I  now  piace  them  in 
the  Record  at  this  point,  along  with  a  relevant  motion  adopted  this  week  by  the 
board  of  supervisors : 
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[U.B.  District  Court,  Ceatral  District  of  Callfomia] 

United  States  or  Akeeioa,  Piaintiit,  «.  Automotile  MANtTrAcnrsEBS  Assoou- 

TiON,  INO.;  Geneeal  Motobs  Cobp.;  Fobd  Motok  Co.;  Chbtsleb  Oc«f. ;  and 

Akbucan  Motobs  Cobf.,  Detehdants 

(CItU  No,  e9^75-JWC ;  filed  1/10/68;  compUlnt  In  Intervention  of  connty  of  Dos 

Angeles  (State  of  CUtfomto)  end  Air  P^ntion  Control  District  of  tbe  County 

of  Dos  Angeles  (State  of  California) 

OOMPIAINT 

Come  now  tbe  Connty  of  Dos  Angeles,  of  tbe  State  of  Callfomia,  and  tbe  Air 
PoUntion  Cwtrol  DisMct  of  tbe  County  of  Dos  Angeles  (State  of  Callfwnla), 
and  for  cause  of  action  against  tbe  Defmdants  Automobile  Bfannfactnrera  Asso- 
elation,  Inc.;  Omeral  Motors  Coip(»atl(m;  Ford  Motor  Company;  Chrysler 
Corporation:  and  American  Motors  Corporation  all^  as  follows: 

I 

That  Plaintiir  in  Intervention  County  of  Dos  Angdes  (County)  is  a  public  cor¬ 
poration  and  a  pdltlcal  snbdivlsloa  of  the  State  of  Oallfomia. 

n 

That  Plaintiff  in  Intervention  Air  Pdlntlon  Control  District  of  the  County  of 
Dos  Angeles  ( APCD)  Is  a  public  agency  formed  and  existing  pursuant  to  tbe  laws 
of  the  State  of  California. 

m 

That  tbe  Air  Pollution  Control  District  (APCD)  is  charged  by  tbe  laws  of 
tbe  State  of  California  with  the  duty  of  protecting  the  health  and  welfare  of  the 
people  of  Dos  Angeles  County  from  the  effects  of  air  contamination ;  that  since 
its  creation  in  1M7  the  APCD  has  expended  approximately  sixty  millions  of 
dollars  (960,000,000.00)  of  public  funds  in  attempting  to  r^uce  air  pollution. 
In  Dos  Argeles  Connty;  that  the  source  of  said  funds  is  tbe  Treasury  of  the 
County  of  Dos  Angeles. 

IV 

That  at  all  times  alleged  in  the  Complaint  tbe  County  of  Dos  Angeles  was 
charged  by  law  with  the  duty  of  providing  medical  services  and  other  health 
services  to  more  than  one-half  million  people  who  are  and  were  residents  of  tbe 
County  and  are  and  were  unable  to  pay  for  such  services. 

V 

lhat  each  year  since  1962  tbe  County  of  Dos  Angeles  has  purchased  more  than 
600  motor  vehicles  from  the  named  Defendants;  that  as  a  proximate  result  of 
tbe  consifiracy  allied  in  tbe  Complaint  the  motor  vehicles  puitdiased  by  them 
were  not  eqnlH>ed  witii  efficient  a£^potlutlon  control  devices,  and  that  between 
1962  and  1961  said  vehtdies  wme  not  equipped  with  any  such  devices  whatsoever. 

n 

That  as  a  proxiniate  result  of  tbe  offenses  alleged  in  tbe  Complaint  tbe  De¬ 
fendants  have  caused  to  be  emitted  into  tbe  air  of  Dos  Angeles  County  air  con¬ 
taminants  in  the  form  of  hydrocarbons,  carbon  monoxide,  oxides  of  nitrogen, 
particulate  matter,  and  other  air  contaminants ;  that  tbe  amount  of  such  emis- 
sions  varies  and  has  varied  from  day  to  day  and  that  the  average  amount  of  such 
air  contaminants  emitted  in  Dos  Angeles  County  presently  exceeds  12,000  tons 
per  day. 

VI 

That  as  a  proximate  result  of  said  emissions  of  air  contamination  tbe  County 
of  Dos  Angeles  has  been  forced  to  expend  many  millions  of  dollars  in  providing 
medical  care  and  other  health  services  to  residents  of  Los  Angeles  County ;  that 
said  emissions  of  air  contamlnatimi  have  caused  respiratory  diseases  and  ag¬ 
gravate  and  have  aggravated  residratory  diseases  of  residents  of  Dos  Angeles 
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County ;  and  that  many  tbouaanda  of  persona  anffering  from  re^ratory  diaeaseii 
were  treated  by  Connty  hoaidtaU  and  other  faciUtiea,  all  at  the  expense  of  the 
County,  doriaf  each  year  since  10B2. 

vn 

Ibat  the  Intereeta  of  these  Plaintiffs  will  not  be  adequately  protected  by  the 
present  Parties  to  the  proceeding. 

Wheref(»e,  the  naintUDa  In  Interrention  pray : 

1.  That  the  Court  permit  the  IHalntiffa  in  Interrention  to  become  parties  to  this 
action  on  the  side  of  the  Plaintiff  and  that  they  be  permitted  to  take  s>art  in  all 
proceedings  in  this  action. 

2.  Tliat  the  Conrt  adjudge  and  decree  that  the  Defendants  have  engaged  in  a 
cmnblnation  and  conspiracy,  in  unreasonable  restraint  of  the  aforesaid  interstate 
trade  and  commerce,  in  violation  of  Section  1  of  the  Sherman  Act. 

3.  That  each  of  the  Defendants  named  in  this  Complaint,  its  successors,  assign¬ 
ees  and  transferees,  and  the  re^>ectlve  officers,  directors,  agents,  and  emi^oyees 
thereof,  and  all  persons  acting  or  claiming  to  act  on  behalf  thereof : 

(a)  be  enjoined  from  continuing,  maintaining,  or  renewing,  directly  or  indi¬ 
rectly,  the  combination  or  constdracy  hereinbefore  alleged,  or  from  engaging  in 
any  other  practice,  plan,  program,  or  device  having  a  similar  effect ; 

(b)  be  enjoined  frimi  entering  into  any  agreements,  arrangements,  understand¬ 
ings,  plan  or  program  with  any  other  persmi.  partnership,  or  corporation,  directly 
or  indirectly : 

(1)  to  delay  installation  of  air  pollution  control  equipment  or  otherwise  re¬ 
strain  individual  decisions  as  to  installation  dates ; 

(2)  to  restrict  individual  publicity  of  research  and  development  relating  to 
air  pollution  control  technology ; 

(3)  to  require  Joint  assessment  of  the  value  of  patents  or  patent  rights  relating 
to  air  pollution  control  eqniisnent ; 

(4)  to  require  that  acquisition  of  patent  rl^ts  relating  to  air  pollution  tech¬ 
nology  be  c<mdltl<Hied  upon  availability  of  such  rights  to  others  upon  a  most- 
favored-pnicbaaer  basis ;  or 

(5)  to  respond  Jointly  to  requests  by  government  regulatory  agencies  for  infor¬ 
mation  or  proposals  concerning  air  pollution  control  tectoology  unless  such 
agency  requests  a  joint  response  in  a  particular  case ;  and 

(c)  be  required  to  Issue  to  any  ai^icant  interested  in  developing  motor  vehicle 
air  pollution  technology  unrestricted,  royalty-free  licenses  and  production  know- 
how  under  all  United  States  patrats  owned,  controlled,  or  apiriied  for  to  which 
the  cross-licensing  agreement  dated  July  1, 1955,  as  amended,  has  been  aiqdicable, 
and  to  make  available  to  any  such  ap^icant  all  other  know-how  related  to  air 
pollution  contrcd  technology  which  has  been  exchanged  with  any  other  defendant. 

4.  That  the  Plaintiff  have  Budi  other,  further,  and  different  relief  as  the  nature 
of  the  case  may  require  and  the  Ck>urt  may  deem  Just  and  proper  in  the  premises, 
including  cancellation  of  the  cross-licensing  agreement  dated  July  1,  1955,  as 
amended,  and  an  injunction  ensuring  that  all  future  Joint  arrangements  relating 
to  air  polinttoB  control  technology  be  aiqiropriat^y  limited  as  to  subject  matter 
of  Joint  eff<nt  and  numbers  of  participants  so  as  to  maintain  competition  in  the 
development  of  air  pollntimi  tedinology. 

5.  That  these  PlalntUEs  be  awarded  damages  against  the  Defendants,  and  each 
of  them,  in  the  sum  of  One  Hundred  Million  Dollars  ($1<X),000,000.00). 

6.  That  the  Plaintiffs  in  Intervention  recover  their  costs  of  suit  herein  and 
receive  such  other  and  additional  relief  as  is  Just  in  the  premises. 

Dated :  September  5, 1969. 

John  D.  Mababo, 

Co«ntp  Countel. 

By  David  D.  Mix, 

Aaaittant  County  Counael, 
Attorney*  for  Plaintiff*  in  Intervention. 


CEBnncATX  or  Sebvice  by  Mail 

I  hereby  certify ;  under  pmialty  of  perjury,  that  I  am  and  at  all  times  herein 
menti<med  have  bera  a  dtiaen  of  the  United  States  and  a  resident  of  the  Connty 
of  Los  Angeles,  over  the  age  of  eighteen  years  and  not  a  party  to  nor  interested 
in  the  within  action ;  that  my  business  address  is  648  Hall  of  Administration,  City 
of  Los  Angdes,  Connty  of  Los  Angeles,  State  of  OaUfomla ; 

That  on  the  Sth  day  of  September,  1969, 1  served  the  attadied  Notice  of  Motion 
and  Motion  to  Intervene  with  aocompanylng  docnmmits  upon  attorneys  of  record 
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for  United  States  of  Ainerlca ;  AutomoMle  Manufacturers  Asso<datioa,  Inc. ;  Gen¬ 
eral  Motors  Corporatloa;  Ford  Motor  Company;  Chrysler  Corporation;  and 
American  Motors  Corporation  by  depositins  a  copy  thereof,  enclosed  in  a  sealed 
enrelope  wiGi  postace  thereon  Mly  laepald,  in  a  United  States  mail  box  in  los 
Ancelea,  California,  addressed  as  follows : 

Baymond  W.  l%ilUps,  O^.  of  Justice,  Antitrust  Division,  1S07  U.S.  Court 
Boose,  S12  North  Spring  St,  Dos  Angeles,  Oallfomta  90012.  [Attorneys  for  Plain¬ 
tiff,  United  States  of  America]. 

Gibson,  Dnnn  A  Cmtcher,  Jnlian  O.  von  Kalinowski,  Paul  G.  Bower,  Robert 
E.  Cotter,  034  Sooth  Spring  Street  Dos  Angeles,  California  00014.  [Attorneys 
for  Defendant,  Automobile  Manufacturers  Association,  Inc.] 

Overton,  Lyman  A  Prince,  Carl  J.  Sdtuck,  550  S.  Flower  St.,  Suite  607,  Doe 
Angeles,  Calif.  90017  (Attorneys  for  Defendant  Ford  Motor  Company]. 

I.nwler,  Friix  A  Hall,  Marcos  Mattson,  Robert  Henlgson,  605  \V.  Olymtdc 
Bird.,  Suite  SO,  Los  Angeles,  Calif.  90015  [Attorneys  for  Defendant  General 
Motors  Corporation]. 

McCutchen,  Black,  Verleger  A  Shea,  Philip  K.  Verleger,  William  G.  Shea,  615 
S.  Flower  St,  Suite  1111,  Los  Angeles,  Calif.  90017  [Attorneys  for  Defendant, 
Chrysler  Corporation]. 

O’Melveny  A  Myers,  Allyn  O.  Kreps,  Girard  B.  Boudreau,  611  West  6th  Street, 
I.,os  Angeles,  Calif.  90017  [Attorneys  for  Defendant,  American  Motors  Corpora¬ 
tion]. 

and  that  the  persons  on  whom  said  service  was  made  have  their  ofBces  at  a  place 
where  there  is  a  delivery  service  by  United  States  mail,  and  that  there  is  a  regu¬ 
lar  communication  by  mail  between  the  place  of  mailing  and  the  place  so 

addressed. 

Dated ;  September  5, 1908. 

Bonita  M.  Ausa 


[U.S.  District  Court,  Central  District  of  California] 

UNiTia)  States  of  Auebica,  Pluntiff,  v.  Automobile  Manuf-vctubebs  Asso¬ 
ciation,  Inc.  ;  Genebal  Motobs  Corp.  ;  Foan  Motor  Co.  ;  Chbtsleb  Cobp.  ;  ano 

American  Motors  Cobp.,  Defendants 

(Civil  No.  68-75-JWC,  notice  of  motion  and  motion  to  intervene  as  plaintiffs) 
To  the  /allo*einif: 

Baymond  W.  Phillips,  Department  of  Justice,  Antitrust  Division,  1307  U.S. 
Court  House,  312  North  Spring  Street,  Los  Angeles,  California  90012  [Respec¬ 
tively,  attorney  for  Plaintiff,  United  States  of  America]. 

Gibson,  Dunn  A  Cmtcher,  Jnlian  O.  von  Kalinowski,  Paul  6.  Bower,  Robert  E. 
Coo^r,  634  South  Spring  Street,  Los  Angeles,  California  90014  [(Respectively, 
attorneys  for  Defendant,  Automobile  Manufacturers  Association,  Inc.]. 

Overton,  Lyman  A  ftince,  Carl  J.  Schoift,  560  South  Flower  Street,  Suite  607, 
Los  Angeles,  Callforata  90017  [Respectively,  attorneys  for  Defendant,  Ford 
Motor  Company]. 

Lawler,  F^x  A  Hall,  Marcus  Mattson,  Robert  Henigson,  605  West  Olympic 
Boulevard,  Suite  SOOv  Lm  Angeles,  California  90015  [Respectively,  attorneys  for 
Defendant,  General  liotors  Corporation]. 

McCutchen,  Black,  Verleger  A  Shea,  Philip  K.  Verleger,  William  G.  Shea,  615 
Cooper,  OM  South  Spring  Street,  Los  Angeles,  Calofimia  90014  [Respectively, 
attorneys  for  Defendant,  Chrysler  Corporation]. 

O’Melvey  A  Myers,  Allyn  O.  Krepe,  Girard  E.  Boudreau,  611  West  6th  Street, 
Los  Angeles,  California  90017  [Reflectively,  attorneys  for  Defendant,  American 
Motors  CMporatlon]. 

nease  be  advised  that  on  October  6, 1960,  at  the  hour  of  10:00  A.M.  or  as  soon 
thereafter  as  counsel  may  be  heard,  the  undersigned.  County  of  Los  Angles 
(State  of  California)  and  the  Air  Pollution  Control  District  of  the  County  of  Los 
Angeles  ( State  of  California )  will  make  formal  motion  in  Courtroom  10,  United 
States  Court  House,  812  North  Spring  Street,  Los  Angeles,  California,  to  inter¬ 
vene  in  the  above-referenced  action. 

The  County  of  Los  Angeles  and  the  Air  Pollution  Control  District  of  the  County 
of  Los  Angeles  move  pursuant  to  Rule  24(a)  (2)  and  Rule  24(b)  (2)  of  the  Fed¬ 
eral  Rules  of  Civil  Procedure,  for  leave  to  intervene  as  plaintiffs  in  the  above- 
entitled  action  to  assert  the  idalms  set  forth  in  the  proposed  Complaint,  a  copy 
of  whldi  is  attached,  <m  the  fdOowlng  grounds ; 


224 


1.  The  daima  of  the  County  of  Loe  Angelea  and  the  Air  Pollntion  ContnA  Die* 
trlet  of  the  County  ol  Loe  Angelee  oentained  In  the  propoaed  Complaint  tor  Inter¬ 
vention  and  the  claima  of  the  United  Btatea  of  America  in  the  main  actton  hare 
snbatantial  quecMona  ot  law  and  fact  in  common.  The  cmnmon  qoeationa  of  law 
and  fact  are  whether  the  Defendanta  engaged  In  a  combination  or  conspiracy 
to  prevent  the  development  and  distribntlon  of  motor  vehicle  air  poUutiw  c<m- 
trol  equipment.  1%e  intereata  ot  the  Intervenora  In  tbeae  cwnmon  qneationa  <d!  law 
and  fact,  however  are  different  and  dlatinct  from  the  Intereeta  ot  the  Plaintilf, 
the  CnlM  States  ot  America.  The  Plaintiff  la  concerned  abont  the  direct  and 
immediate  reaulta  of  the  common  qneationa  of  law  and  fact  on  free  competition 
and  interstate  commerce.  Intervenora'  intereata,  on  the  othM  hand,  are  the  direct 
and  immediate  reaiilt  of  the  common  queatlona  of  law  and  fact  on  the  health  and 
economic  vitality  of  the  realdenta  of  the  County  Loa  Angelea.  The  Plaintiff  is 
not  adequately  representing  the  interests  of  the  Intervenora. 

The  Intervenora  must  b^me  a  party  to  the  main  action  so  that  when  the 
common  questions  of  law  and  fact  are  resolved,  the  interests  of  the  Intervenora 
will  be  iwotected  by : 

(a)  Bnjcdning  the  combination  and  cmupiracy  so  that  poUntion-free  motor 
vehiclea  are  developed  to  avoid  the  diversion  of  public  fnn^  for  the  purchase 
of  ineffective  motor  vehicle  air  pollution  control  equipment  by  the  Intervenora  as 
public  end  uaers. 

(b)  Enjoining  the  combination  and  conspiracy  so  that  effective  motor  vehicle 
air  pollution  control  equiiunent  may  be  developed  at  a  leaser  price  and  thereby 
avoid  the  further  diversion  of  public  funds  for  only  partially  effective  motor 
vehicle  air  pollution  eontnd  equipment 

'(c)  Ehijoining  the  combination  and  conspiracy  which  causes  ineffective  motor 
vehicle  air  pollution  control  equipment  to  be  marketed  and  thereby  causes  sub¬ 
stantial  diversion  of  public  funds  for  medical  services  made  necessary  by  the 
damaging  consequences  of  breathing  polluted  air  by  residents  of  Los  Angeles 
County. 

2.  Unless  these  Plalntlffb  are  permitted  to  Intervene  the  United  States  and 
the  Defendants  may  settle  this  matter  by  stipulation  or  otherwise.  In  such  an 
event,  the  facts  of  the  conspiracy  will  be  forever  lost  to  these  moving  parties  and 
to  all  persons  who  have  been  damaged  by  said  conspiracy. 

Because  of  the  above-enumerated  interests  in  the  common  questions  of  law  and 
fact  (preventing  the  devel<q>ment  and  distribution  of  effective  motor  vehicle  air 
p<^lution  control  equipment),  the  interests  of  Plaintiffs  in  Intervention  are 
separate  and  distinct  from  the  Interests  of  the  United  States  of  America,  and 
said  Plaintiff  cannot  alone  adequately  represent  theinterests  of  the  Intervenora. 

3.  To  grant  the  Motion  to  Intervene  will  not  unduly  delay  or  prejudice  the 
rights  of  the  original  parties.  The  Plaintiff  can  continue  to  focus  on  the  com¬ 
petition  and  interstate  conunerce  implications  of  the  combination  and  conspiracy. 
The  Defendants  can  continue  to  focus  (m  the  common  questions  of  law  and  fact — 
a  combination  and  concgiiracy  to  jwevent  the  development  and  distribution  of 
motor  vehicle  air  poUutimi  control  equipment.  No  delay  wlU  be  caused  by  inter¬ 
vention.  Only  prejudice  will  result  if  the  Motion  to  Intervene  is  denied. 

John  D.  Mahabs, 

County  Counsel. 

By  DAvm  D.  Mix, 

Assistant  County  Counsel 

Attorneys  for  the  County  of  Loa  Angeles  and  Air  Pollution  Control  District, 
County  of  Los  Angeles. 

i[U.8.DlHtrlet  Court,  Central  District  of  California] 

UmmED  States  of  America,  Plaintiff  v.  Automotive  Manufacturers  Associa- 

noN,  Xno. :  Ornxral  Momw  Corf.;  Fobd  Motor  Ca;  Chstsudi  Oorp. ;  and 

American  Mot<«8  Corf.,  Derndants 

(Civil  No.  dB-76  JWC  memorandium  in  siqpport  of  complaint  in  intervention 
of  County  of  Los  Angeles  and  air  pollntion  control  district) 

I 

Bale  24,  Eedtval  R^ea  ot.  QiWl  Procedure,  is  to  be  broadly  construed. 

Rule  24(a)  (2)  of  the  Federal  Rules. of  Civil  Bracedime  prorides  Jor  interven¬ 
tion  of  rights  as  follows : 


.A. 
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“Upoa  timel;  appUcatioa  anyone  shoU  be  penultted  to  intervene  in  an 
action  ...  (2)  wban  tbe  apnllnuit  claims  an  interest  relatlnc  to  tbe  property  or 
transaction  wbicb  is  tbe  siriajeet  o(  tbe  action  and  be  is  so  situated  that  tbe  dis¬ 
position  of  tbs  action  may.  as  a  practical  matter,  impair  or  impede,  bis  ability  to 
protect  that  intei^t,  unless  the  applicant’s  interest  is  adeonately  represented  by 
♦slitting  parttes.” 

Bole  21  was  amended  to  its  present  form  in  19g&  According  to  tbe  United 
States  Supreme  Court,  tbe  purjKMe  of  the  revision  was  intended  to  inject  elasticity 
into  tbe  role  and  to  atlminate  tbe  reatrlcttve  annoach  of  tbe  <dder,  more  rigid 
cases  intminreting  tbe  mle.  Uaeooda  Qat  v.  Bl  P«uo  Hot.  OiU,  386  U.S.  129. 
Bec^  cases  have  awUed  a  very  broad  biterpretatUm  to  Bnle  24(a)  (2) .  pescode 
Nat.  Oat,  mpra,  at  pagea  ISMi;  Bopaea  v.  Batuon,  44  F.R.D.  18  (D.D.C.  1968) ; 
^«e««e  V.  Coa^  386  F.  2d  691  (iDCCIB.  186T). 

An  absolute  rl^t  esiata  as  in  this  (»se,  when  the  Plalntiif  in  Intervention 
claims  an  interest  rdating  to  the  property  or  transaction  which  is  not  adequately 
represented  by  existing  parties.  A  rea<^g  of  Plaintiff  in  Intervention’s  com¬ 
plaint  reveals  that  tbe  Plaintiff  shares  an  identical  Interest  with  the  United 
States  in  the  transaction  which  is  the  subject  of  tbe  lawsuit.  Credit*  Commuta¬ 
tion.  Co.  V.  U.8.,  177  U.S.  311,  315-^16;  Minot  v.  Mastin  (CA.A.  8th  1899)  95  F. 
734,  739.  In  view  of  the  identity  of  Interest  it  is  essential  that  tbe  Plaintiff  be 
entitled  to  inbervena  in  order  to  protect  such  interest. 

In  addition  to  intervention  as  of  right,  Plaintiff  in  Intervention  is  entitled  to 
permisslvely  intervene  pursuant  to  Federal  Buie  24(b)  which  provides  in  part  as 
follows : 

.“Upim  timely  aK>Ucation  anyone  may  be  permitted  to  intervene  in  an 
action  ...  (2)  when  an  aptdicant’s  claim  or  defense  in  tbe  main  action  is  a  ques¬ 
tion  of  law  or  fact  In  common.” 

There  is  no  question  Plaintiff  in  Intervention  has  several  questions  of  law 
and  fact  In  common  with  the  United  States  relative  to  the  pending  action. 
Brinkerkoff  v.  Bottand  Trutt  Co.  (C08DNT)  169  F.  911;  United  State*  v.  Utica, 
Chen,  d  Su*quehanna  Valley  Ry.  Co.,  48  F.  Supp.  903;  Central  Louisiana  Elec. 
Co.  v.  Rural  fflcctri/IcoMon  Adm/tnigtration  (W.D.La.  1964)  238  F.  Snpp.  271. 


n 


United  States  Code,  title  16,  section  5,  vem»  the  court  with  authority  to  join 
parties  to  a  pending  action. 

(United  States  CMc,  Title  16,  Sec.  6,  thereof  provides  as  follows : 

“Whenever  it  shall  appear  to  the  court  before  which  any  inroceeding  under  sec¬ 
tion  4  of  this  title  may  be  pending,  that  tbe  mtds  of  Justice  require  that  other 
partiee  riionld  be  broHi^t  before  the  court,  tbe  court  may  cause  them  to  be  sum¬ 
moned,  whether  they  reside  in  the  district  in  which  the  court  is  held  or  not ; 
and  subpoenas  to  that  end  may  be  served  In  any  district  by  tbe  marshal  thereof.” 

Plaintiff  in  Intervention  allies  an  interest  in  the  vast  assmnbiage  of  proi)osed 
evidence  which  the  United  States  will  use  in  its  case  against  the  parties  defend¬ 
ant  but  which  the  United  States  refignes  to  divulge  to  the  naintifl  in  Interven¬ 
tion.  Poranant  to  tbe  authority  vested  by  Title  16,  Section  5,  tbe  court  may  bring 
in  additional  parties  t»  any  snit  btou|^  by  the  United  States.  As  a  practical 
matter.  Plaintiff  alleges  that  pursuant  to  this  section  tbe  Court  should  exercise 
its  authority  to  disp^  of  ail  claims  arising  out  of  the  tzansaction  against  the 
parties  defendant  in  one  litigation.  State  of  Qeorgia  v.  Pennsylvania  Ry.  Co.,  665 
Ct.  716. 

Bespectfnlly  submitted, 


John  D.  Mahabo, 

County  Counsel. 
By  David  D.  Mix, 
Assistant  County  CounseL 


CmxmcATX  or  Sbbvios  bx  Mah. 

I  hereby  certify,  under  penalty  of  perjury,  tiiat  I  am  and  at  all  times  herein 
mentimted  have  b^n  a  citinen  of  the  United  States  and  a  resident  of  the  County  of 
Los  Angeles,  over  the  age  of  eighteen  years  and  not  a  party  to  nor  Interested  in 
the  within  action ;  that  my  business  address  is  648  HaU  of  Administration,  (^ty 
of  Los  Angeles,  Conn^  of  Los  Angeles,  State  of  California : 

That  on  the  6th  day  of  September,  1969, 1  served  the  attached  Notice  of  Motion 
and  Motion  to  Intervene  with  accompanying  documents  upon  attorneys  of  record 
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for  United  State*  of  America;  Automobile  Manufacturers  Association,  luc. ; 
General  Motors  Coiiwratlcm ;  Ford  Motor  Company ;  Chrysler  Corporation ;  and 
American  Motors  Coloration,  by  depositing  a  copy  thereof,  endoe^  in  a  sealed 
enrelcqie  with  postage  thereon  fully  prep^d,  in  a  United  States  mail  box  in 
Los  Angdes,  Oallfcwnla,  addressed  as  follows : 

Raymond  W.  FhlUppst  Dept,  of  Justice,  Antitrust  Division,  1307  U.S.  Court 
House,  312  North  Spring  St.,  Dos  Angeles,  California  00012  [Attorneys  for  Plain¬ 
tiff,  United  States  at  America]. 

Gibson,  Dunn  A  Crutcher,  Julian  O.  von  Kallnowskl,  Paul  G.  Bower,  Robert  E. 
Cooper,  684  South  Sprbig  Street,  Los  Angeles,  California  90014  [Attorneys  for 
Defendant  Antinnobile  Manufacturers  Association,  Inc.]. 

Overton,  Lyman  A  Prince,  Carl  J.  Schuck,  SfiO  8.  Flower  St.,  Suite  607,  Los 
Angeles,  Calif.  90017  [Attorneys  for  Ddendant,  Ford  Motor  Company]. 

Lawler,  Fdlx  A  Hall,  Marcus  Mattson,  Robert  Henlngson,  605  W.  Olymidc 
Bird.,  Suite  800,  Los  Angeles,  Calif.  90015  [Attorneys  for  Defendant,  General 
Motors  Corporatlim]. 

McCutchen,  Black,  Verleger  A  Shea,  Philip  K.  Verleger,  William  G.  Shea,  615 
S.  Flower  St.,  Suite  1111,  Los  Angeles,  Calif.  90017  [Attorneys  for  Defendant. 
Chrysler  Corporatl<m]. 

O’Melvny  A  Myers,  Allyn  O.  Kreps,  Girard  E.  Boudreau,  611  West  6th  Street, 
Los  Angeles,  Calif.  90017  [Attorneys  for  Defendant,  American  Motors  Corpora¬ 
tion]. 

and  that  the  persons  on  whom  said  service  was  made  have  their  oflBces  at  a  place 
where  there  is  a  delivery  service  by  United  States  mail,  and  that  there  is  a  regular 
communication  by  mall  between  the  place  of  mailing  and  the  place  so  addressed. 
Dated :  September  5, 1960. 

Bonita  M.  Aver. 


Resowtion  or  Board  or  Svpesvisors,  Countt  or  Los  Angbues 

On  motion  of  Supervisor  Hahn,  uninimously  carried  (Supervisor  Debs  l>eing 
temporarily  absent),  it  is  ordered  that  the  following  resolution  be  and  It  is  hereby 
adopted : 

“Whereas,  citizens  of  smog-infested  areas  throughout  the  United  States  were 
shocked  when  United  States  Assistant  Attorney  (ieneral  Richard  W.  MeOlaren 
announced  September  11, 1969  the  Department  of  Justice  wants  to  settle  its  suit 
based  on  secret  testimony  before  a  Federal  Grand  Jury  that  the  automobile  man¬ 
ufacturers  vlcdated  the  Sherman  Antitrust  Act  by  considring  to  restrain  and 
delay  the  development  and  installation  of  anti-smog  devices ;  and 

“Whereas,  the  County  of  Los  Angeles  petitioned  the  Federal  court,  requesting 
to  intervene  in  the  suit  against  the  automobile  manufacturers  and  asking  $100.- 
000,000  damages  for  injuries  to  the  public  health  and  for  the  cost  of  the  Air 
Pollution  Control  District ;  and 

“Whereas,  equal  Justice  under  the  law  means  that  every  person  as  well  as  the 
largest  corporations  shall  have  the  law  equally  apidied.  and  by  having  this  far- 
reaching  case  settled  out  court,  the  General  Motors  Corporation,  Chrysler  Cor¬ 
poration,  Ford  Motor  Company  and  the  American  Motors  Corporation  receive 
fiiTored  treatment ;  and 

“Whereas,  the  public  Interest  would  be  best  .served  by  having  an  open  trial 
rather  than  a  consent  Judgment  and  thereby  achieve  permanent  and  satisfactory 
relief  rather  than  no  relief  which  could  follow  a  consent  Judgment : 

“Now,  therefore,  be  it  resolved  that  the  Board  of  Supervisors  of  the  County  of 
Los  Angeles  hereby  respectfully  requ^ts  President  Richard  M.  Nixon  to  direct  th« 
Attorney  Cteneral  to  reverse  the  decision  made  by  bis  .subordinate  to  settle  th« 
case,  and  to  direct  that  a  full  and  open  trial  proceed  as  soon  as  possilile  in  Fed. 
eral  court ; 

“Be  it  further  resolved  that  the  Senate  and  the  House  of  Representatives  lie 
requested  to  hold  hearings  in  their  appropriate  committees  on  the  full  aspects  of 
the  Federal  Grand  Jury  Sndlngs  to  learn  if  the  public  is  being  fully  protected 
and  if  action  to  settle  the  suit  out  of  court  is  in  the  best  interest  of  the  dtisens 
of  the  United  Staes ; 

“Be  it  further  resolved  that  the  Executive  Officer  send  copies  of  this  resolution 
to  all  members  of  the  Congress. 

“Attest : 

“James  S.  Mize. 

"BtfeeHtive  Officer  and  Cle.  V  of  the  Board  of  SupervUors  of  the  County  of 
Loa  Angelea.” 
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Mr.  Brown.  I  note  your  remark  that  this  authority  for  research  in 
this  area  might  be  be^r  given  to  the  Department  of  Transportation 
or  the  ^vironmental  Protection  Agency,  your  reasoning  being  that 
these  agencies  have  superior  experience  in  the  handling  of  Government 
oontiacta  I  am  not  sure  I  understand  your  logic  there.  If  this  research 
were  to  be  done  on  a  contract  basis — end  incidentally,  it  is  Senator 
Tunney’s  proposal  that  the  Department  of  Transportation  handle  this 
on  a  fi^nt  or  contract  or  insured  loan  basis — it  is  still  nevertheless 
true  m&t  NASA  has  not  only  the  in-house  research  capability  but  far 
more  experience  in  Bie  granting  of  Government  contracts  over  the 
last  10  years  than  either  of  these  Government  agencies. 

Mr.  Nash.  comment  was  intended  to  mean  they  had  had  more 
experience  specifically  in  the  automotive  area.  We  rtally  do  not  have 
strong  feelings  about  this  as  a  matter  of  fact.  We  simply  wanted  to 
raise  the  issue  ;be<»use  it  would  seem  more  natural  that  this  authority 
be  vested  in  either  the  EPA  or  the  DOT  wliich  have  primary  authority 
and  interest  in  ground  vehicle  propulsion  systems.  I  do  not  have  any 
particular  probhm  with  this  being  done  by  NASA  and  it  may  be  that 
they  do  have  superior  contracting  ability  and  would  be  able  to  apply 
a  fresh  approach  to  this  problem. 

Mr.  Brown.  Your  proposal  is  not  illogical  and  I  am  not  condemning 
it  on  that  basis.  I  think  this  committee  has  been  seeking  to  draw  a  line 
between  a  reasonable  and  a  responsible  role  for  NASA  and  the  proper 
role  of  a  specifically  mission-oriented  agency. 

In  general,  our  feeling  is  that  NASA’s  role  is  most  appropriate  in 
connection  with  the  overall  research  and  development  of  new  tech¬ 
nology.  But  when  it  gets  to  the  point  where  decisions  have  to  be  made 
as  to  the  deployment  of  a  technology  that  it  should  go  to  a  mission- 
oriented  agency.  I  do  not  know  whether  we  can  draw  that  line  in  this 
particular  area,  but  we  have,  of  course,  *both  paths  being  pursued  in  the 
two  types  of  legislation.  We  would  hope  that  some  melding  of  the  two 
approadies  could  be  properly  carried  out. 

1  have  no  further  cmnments,  Mr.  Chairman. 

Mr,  Stminoton.  I  have  one  question.  You  referred  to  the  industries 
inflated  quotations  on  the  amounts  spent  on  emission  controls  and 
saf^.  This  is  something  we  would  like  to  nail  down  because  I  think 
DOT  testified  that  something  like  $1  billion  plus  had  been  spent  by  the 
auto  companies  in  order  to  comply  with  the  Clean  Air  Act. 

What  do  you  think  is  the  reason  for  the  disparity  between  your  esti¬ 
mates  of  their  investments  along  these  lines  and  their  own  testimony  ? 
And  how  would  you  support  your  assessment  of  what  they  have  been 
doing  in  that  area  y 

Mr.  Dmow.  The  data  which  is  used  within  this  testimony  and  sub- 
niitted  for  the  record  is  taken  directly  from  the  manufacturer’s  submis¬ 
sion  to  EPA  on  tbeir  own  expenditures  for  research  and  development 
on  emission  control& 
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Mr.  I)m.ow.  We  feel  thoee  figures  are  inflated  in  the  sense  that  they 
take  into  account  costs  which  are  not  genuinely  part  of  basic  research 
and  development.  They  include  costs  of  tooling  and  the  certification 
work  of  the  motor  vehicles  themselves. 

We  have  never  seen  a  specific  breakdown  of  their  expenditures 
other  than  a  large  sum — like  Chrysler  says  $3.9  million  on  alternative 
research  and  GM  says  $10  million  on  alternative  research.  We  would 
like  to  see  a  specific  breakdown  as  to  what  they  are  spending  on  each 
of  the  various  versions. 

Perhaps  ^s  would  give  this  committee  a  better  handle  as  to  what 
areas  are  being  neglected  by  the  auto  compimies.  Where  they  say  they 
are  spending  $100  nullion  on  catalyst  development,  obvioudy  that  in¬ 
cludes  a  lot  of  tooling  and  prrauction  facilities.  Those  areas  are 
being  vastly  overstated.  &  the  ^dmate  of  GM,  other  research  and  de¬ 
velopment  exceeds  research  and  development  on  alternatives  by  10 
to  1. 

Mr.  Nash.  Perhaps  an  inquiry  directly  to  the  auto  companies  on 
the  details  of  their  expenditures  might  be  in  order. 

Mr.  Symixgtox.  We  will  have  an  opportunity  to  question  the  spokes¬ 
men  of  the  auto  industry  later,  and  your  proposal  is  probably  a  pretty 
good  idea. 

Mr.  Browx.  Mr.  Chairman,  I  do  not  want  to  take  up  additional 
time  with  questions  but  there  were  some  additional  points  on  which  I 
think  we  might  elicit  information.  I  would  like  to  inquire  if  the  gen¬ 
tlemen  would  be  willing  to  provide  us  with  responses  to  written 
questions. 

Mr.  Drmow.  We  would  be  more  than  glad  to  do  that. 

Mr.  Stmixgton.  Thank  you  both  very  much. 

Our  next  witness  is  Dr.  Robert  F.  Sawyer,  professor  of  mechanical 
engineering  at  the  California  Univermty  at  Berkeley.  Dr.  Sawyer  has 
conducted  extensive  research  in  fields  related  to  ground  propulsion 
systems.  He  has  been  a  consultant  to  the  EPA,  the  Department  of 
Transportation,  and  the  National  Academy  of  Sciences;  and  cur¬ 
rently,  Dr.  Sawyer  heads  the  technology  panel  of  the  National  Acad¬ 
emy  of  Sciences’  Committee  on  McM;or  Vehicle  Emissions. 

On  behalf  of  the  subconunittee,  I  welcome  you.  Dr.  Sawyer,  and  look 
forward  to  your  testimony. 

[A  biographical  sketch  of  Dr.  Sawyer  follows :] 

Db.  Bobebt  F.  Sawyer 

Dr.  Robert  F.  Sawyer  is  a  Professor  of  Mechanical  Englneerinf;  at  tlie 
University  of  California  (Berkeley).  He  teaches  nndergradnate  and  graduate 
courses  tmd  conducts  research  in  the  areas  of  combustion,  propulsion,  thermo¬ 
dynamics,  energy  conversion,  air  pollution,  and  fires.  He  currently  is  Investigating 
non-equilibrium  combustion  phenomena  under  an  AFOSR  grant,  basic  combus¬ 
tion  characteristics  related  to  air  pollution,  and  fire  safety  for  the  Xational  Science 
Foundation.  His  consultant  activity  includes  work  for  the  EPA,  NATO,  DOT  and 
the  National  Academy  of  Sciences. 

Dr.  Sawyer  is  an  associate  fellow  of  the  American  Institute  of  Aeronautics  and 
Astronautics,  a  fellow  of  the  British  Interplanetary  Society,  a  memlier  of  the 
American  Society  of  Mechanical  Engineers,  Combustion  Institute,  Air  Pollution 
Control  Association,  American  Chemical  Society,  Society  of  Automative  Engi¬ 
neers,  American  Society  for  Bntdneering  Education,  Sigma  XI,  Pi  Tan  Sigma, 
Tan  Beta  Pi,  and  is  a  B^stered  Professional  Engineer  in  the  State  of  California. 
He  serves  on  the  editorial  board  of  Combnstion  Science  and  TMhnology  and  is 
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chairman  of  the  Western  States  Section  of  the  Combnstion  Institute.  He  serves 
on  the  Advisory  Ckunmittee  <Mi  Alternate  Antomotive  Power  Systmns  (President’s 
Council  on  Environmental  Quality),  and  heads  the  TechnoloKy  Panel  of  the  Na- 
tlonal  Academy  of  Sciences*  Committee  on  Motor  Vehlde  Emissions. 

Among  Dr.  Sawyer’s  imblleationa  are  papers  and  r^rts  in  the  areas  of  heat 
transfer,  missile  systems,  pr(g>nl8lon,  pn^mllants,  efaemlcal  kinetics,  combnstion, 
air  pollution,  and  fires.  ^  is  coauthor  at  the  book,  “l%e  Performance  of  Chemical 
Propellants.” 

Or.  Sawyer  studied  at  Stanford  University  in  the  Department  of  Mechanical 
Engineering  (B.S.,  1967,  M.S.,  1968).  His  later  graduate  and  doctoral  degree  work 
was  at  the  Onggenheim  Aeroi^ce  Propulsion  Laboratories  of  the  D^rtment  of 
Aerospace  Sciences  at  Princeton  University  (M.A.,  1963;  Ph.D.,  1066).  He  served 
as  a  Rocket  Propulsion  Research  Engineer  and  Chief  of  the  Liquid  Systems 
Analysis  Section  at  the  Air  Force  Rocket  Propulsion  Laboratory  (1958-61). 

He  was  bom  in  Santa  Barbara,  California,  on  19  May  1936.  Dr.  Sawyer  served 
as  an  officer  in  the  U.S.  Air  Force.  He,  his  wife,  Barbara,  and  daughters,  Lisa  and 
Allison,  live  in  Walnut  Greek,  California. 

STATEXEHT  OF  D£.  BOBEBT  F.  SAWTEB,  PBOFESSOB  OF  MECHABl- 

CAI,  JEWCHJf  KKBi  wQ*!  OF  CATiTFOBBIAi  RRRk 

CAUF. 

Dr.  Sawtek.  Mr.  Chairman  and  members  of  the  committee,  I  am 
honored  to  have  been  asked  to  testify  before  you  on  H.R.  10392  deal¬ 
ing  with  research  and  development  on  ground  propulsion  systems.  I 
would  like  to  emphasize  that  I  am  speaking  as  an  individual  this 
morning  and  that  the  comments  which  I  shall  make  do  not  necessarily 
reflect  tne  views  of  the  National  Academy  of  Sciences’  Committee  on 
Motor  Vehicle  Emissions,  or  the  technology  panel — of  which  I  am  the 
chairman^— of  that  Committee.  This  group  is  currently  involved  in  a 
stu(^  which  is  not  yet  complete.  Our  conclusions  will  be  delivered  to 
the  (Congress  and  the  Senate,  and  I  do  not  in  any  way  want  to  prejudge 
the  ^al  conclusions  in  my  remarks. 

Similarly,  although  I  have  been  a  member  of  the  Advisory  Commit¬ 
tee  on  Advanced  Automotive  Power  Systems,  Council  on  Environ¬ 
mental  Quality,  for  the  past  3  years,  my  remarks  are  again  my  own  and 
do  not  necessarily  reflect  the  views  of  that  committee. 

I  do  hope  that  my  perspective  of  ground  propulsion  technology  and 
its  needs  in  the  United  States  wilt  be  useful  to  the  committee.  Un¬ 
fortunately,  there  are  only  a  small  number  of  individuals  in  our  coun¬ 
try  who  work  in  the  field  of  automotive  propulsion  technology  and  are 
not  associated  with  the  automotive  industry  or  its  suppliers.  I  myself 
encountered  difficulty  in  finding  consultants  to  work  for  me  and  the 
National  Academy  of  Sciences  who  are  indeed  independent  of  the 
industry. 

My  remarks  will  be  brief,  and  they  will  focus  upon  the  status  of 
automotive  engine  technology  and  my  concerns  that  this  technology  is 
neither  adequately  meeting  the  needs  of  the  United  States  nor  satis¬ 
factorily  answering  the  challenge  of  impressive  foreign  competition. 

First,  does  the  Federal  Government  have  a  lemtimate  role  in  the  field 
of  automotive  propulsion  technology  ?  It  has  been  suggested  by  some 
that  the  automotive  industry  is  more  than  adequate  to  the  task  of 
advancing  automotive  propulsion  technology,  and  that  the  combined 
forcra  of  public  pressure,  the  marketplace,  federally  mandated  in¬ 
centives,  or  possibly  a  combination  of  these  is  sufficient  to  bring  about 
positive  advancemmts  without  direct  involvement  by  Federal  agencies 
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in  the  technology  itaelf.  I  wish  to  challenge  that  view.  It  is  a  view 
which  has  been  expressed  not  coily  by  the  auto  indnstir  but  also,  I 
believe  unfortunately,  by  representatives  of  the  Federal  a^ncies,  as 
Chairman  Symington  has  already  noted,  which  appeared  beroie  earlier 
hearings  of  this  aunmittee. 

This  approadi  as  it  has  been  applied  to  automotive  emissimis  tech¬ 
nology  has  been  most  discouraging.  Only  years  after  the  reception 
of  tile  problem  are  we  beginning  to  see  significant  advances  in  ^  con¬ 
trol  of  automotive  emissions.  Even  now,  serious  queeticms  remain  re- 
^rchng  the  effectiveness  of  the  control  technology  which  our  automo- 
Ime  inmistrT  has  chosen,  especially  when  these  vehicles  are  placed  in 
the  hands  of  the  public.  No  argun^t  exists  that  the  control  of  automo¬ 
tive  emissions  r^resents  an  immense  expense  to  the  public.  I  am  per¬ 
sonally  very  uncomfortable  that  these  expenses  are  being  invested  in  a 
technology  which  is  neither  optimum  nor  cost-effective  and  that  fed¬ 
erally  mandated  controls  have  been  spedfied  from  a  very  shallow  tech- 
nolo^cal  base  of  understanding  within  the  (xovemment. 

"Whenever  the  public  welfare  is  strongly  involved,  the  Federal  Gov¬ 
ernment  tiiould  take  a  responsible,  active  position.  Automotive  propul¬ 
sion  technology  impacts  strongly  upon  public  safety,  conservation  of 
resource  the  quality  of  the  environment,  and  the  economic  health  of 
the  Nation  and  therefore  should  be  a  legitimate  concern  of  the  Federal 
Government.  Strong  Federal  roles  in  such  technologies  as  aeronautics, 
atomic  energy,  astronautics,  and  health  care  have  clearly  been  in  the 
interest  of  our  country  and  have  3rielded  substantial  public  benefit.  A 
large  increased  investinent  in  energy  technology  has  b^n  initiated,  and 
will  be  part  of  the  ERDA  program.  Automotive  propulsion  technology 
should  receive  a  similar  response  from  the  Federal  Government. 

Even  if  the  concept  of  an  appropriate  Federal  role  limited  to  regula¬ 
tory  activity  were  accepted,  it  is  important  that  a  stroi^  technological 
competence,  independent  of  the  industry  to  be  regulat^  exist.  No  such 
technological  base  for  making  sound  re^atory  decisions  exists  in  the 
United  States.  "What  I  am  saying  is  that  all  of  the  teclmqlogy  or  prac¬ 
tically  all  of  it  is  invested  m  me  auto  indust^.  It  is  in  the  public 
interest  that  a  more  active  and  substantial  contribution  be  made  by  the 
F^eral  (^venunent  in  automotive  propulsion  technology.  Current 
expenditures  of  a  few  millions  of  dollars  annually  are  completely  in¬ 
consistent  with  the  importance  of  $100  billion  industry  or  even  the 
several  billion  dollar  annual  cost  of  automotive  air  pollution  control 
systems  alone. 

With  the  energy  crisis  and  resulting  long  overdue  concern  with  the 
poor  jfuel  economy  of  the  American  automobile,  an  unfortunate  mis¬ 
conception  exists  that  improvement  in  automotive  fuel  economy,  «nis- 
sions,  and  performance  cannot  be  pursued  simultoneously — ^tiiat  im¬ 
provement  in  one  characteristic  must  necessarily  be  at  the  expense 
of  the  others.  Although  to  date  this  unfortunately  appears  to  have  Wn 
the  result  of  the  approach  of  the  U.S.  automobile  industry  to  emissions 
control,  there  is  no  reason  why  such  tradeoffs  are  necessary.  One  tiiould 
also'note  the  overwhelming  importance  of  vehicle  weight  upon  fuel 
economy.  If  we  are  serious  about  improving  fuel  economy,  then  atten¬ 
tion  must  be  focused  primarily  upon  reducing  the  weight  of  the 
vehicle.  Until  this  is  done  it  is  specious  to  express  concern  over  the  fuel 
economy  costs  of  air  pollution  control.  They  are  minor.  But  the 
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technology  or  assuring  the  safety  of  l^htar  weight  v^des  does  indeed 
re(][mre  special  technieal  atteatum.  Toe  good  fuel  economy  of  lower 
weic^t  vdueke  indeed  makes  the  task  of  meeting  emission  control 
standards  much  easier. 

The  U.S.  automobile  industry  excels  in  manufacturing  technology 
and  marketii^  and  is  to  be  credited  with  making  the  automobue 
within  the  means  of  the  vast  majority  of  American  families.  It  is 
unfortunate  that  advanced  manufs^turing  technology  is  used  on  what 
remains  a  low-teclm<d<^  product.  These  twms,  of  course,  are  relative 
and  require  some  ^rimuition.  Perhaps  it  is  easiest  to  draw  a  com¬ 
parison  with  the  aircraft  as  the  contrasting  example  of  a  very  high 
techndogy  product  and  one,  in  which,  not  by  chance,  Federal  invest¬ 
ment  in  tecnnology  played  a  major  role.  Examples  also  exist  which 
combine  advanceomanufacturiim  technology  with  a  high  technology 
product,  the  U.S.  electronics  industry  providing  an  excellent  case  m 
point.  Most  of  the  technology  of  today’s  automobile  is  largely  un¬ 
changed  from  that  of  SO  years  ago. 

Unfortunately  it  is  the  foreign  automobile  industry  which  is  leading 
the  way  in  bringing  advanced  technology  to  the  production  state.  1 
^  dissqipointed  personally  that  we  must  go  to  foreign  manufacturers 
in  order  to  be  able  to  purchase  economical  cars  with  fuel  injection, 
electronic  controls,  automated  diagnostic  equipment,  diesel  engines, 
non-catalyst-based  mission  control  systems,  and,  soon,  the  first  of 
the  stratified  charge  ent^es. 

Mr.  Stmutgton.  I  can  add  something  to  that  because  the  Toyota 
people  and  one  other  company  have  sent  to  this  country  for  demon¬ 
stration  tests,  a  safety  vehicle  wdth  specially  manufactured  bumpers 
and  all  kinds  of  interior  equipment  which  is  supposed  to  be  able  to 
withstand  a  SO-mile-per-hour  crash.  Yet,  it  is  still  a  light  car. 

Dr.  Sawtes.  It  is  certainly  not  impossible  to  make  a  lightweight 
safe  vehicle.  It  is,  however,  more  difficult  to  make  a  large  lightweight 
safe  vehicle. 

I  am  similarily  dissatisfied  with  the  U.S.  automotive  industry  for 
^ving  15  pe^nt  of  the  U.S.  market  in  1973  to  foreign  manufactur¬ 
ers  ;  actually  it  reached  17  percent  in  January  of  this  year.  Apparently 
it  has  occurred  simply  because  of  a  decision  to  emphasize  prMUction 
and  marketing  of  large  in^cient  autcnnobiles. 

Fronkly,  I  have  no  clear  understanding  of  why  the  U.S.  auto¬ 
mobile  industry  is  unable  to  or  perhaps  unwilling  to  advance  propul¬ 
sion  technology  more  rapidly.  One  cause  is  probably  the  size  itself  of 
the  U.S.  automobile  industry.  The  large  investment  in  manufacturing 
equipment  required  to  make  more  than  10  million  automobiles  per 
year  is  not  ^ily  or  reasonably  subject  to  rapid  change.  I  have  heard 
repre^ntetives  of  the  automobile  industry  state  that  their  investment 
in  emisrion  control  technology  is  so  great  that  remaining  funds  for 
propulston  technol(^  development  are  inadequate.  I  fraitkly  do  not 
believe  that  statement.  Whatever  the  reason  for  lack  of  progress  by 
the_  industry,  the  need  and  justification  for  a  more  substantial  and 
active  contribution  by  the  Federal  Government  is  apparent.  The 
answer  to  the  first  qu^tion  raised  k  then,  “Yes;  the  Federal  Govern¬ 
ment  does  have  a  legitimate  and  in^rtant  role  in  the  field  of  auto¬ 
motive  propulsion  technology .” 
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Second,  how  ehoold  this  Federal  role  be  fulfilled  ?  I  do  not  have  an 
answer  to  this  ooestion  but  would  strongly  support  the  authors  of  this 
kgktetion  in  weir  observation  that  NASA,  jrarticularly  the  Lewis 
Laboratory  in  Cleveland,  has  an  outstanding,  demonstrated  technical 
competence  which  could  well  be  employed  in  a  Federal  program  deal¬ 
ing  with  research  and  development  on  ground  propulsion  systems.  The 
administrative  and  technical  leadership  which  Mr.  John  Brogan,  who 
appeared  before  this  committee  in  February,  of  the  Enviroiunental 
Protection  Agency  has  demonstrated  in  his  organization  and  execution 
of  the  alternative  automotive  power  systems  program  is  praiseworthy 
and  this  program  and  key  personnel  should  be  part  of  any  Federal 
automotive  propulsion  program.  The  likely  activation  of  ERD A  does 
not  diminish  the  need  for  the  proposed  work  but  does  appear  to  com¬ 
plicate  the  administrative  structure  of  this  le^slation. 

I  appreciate  this  opportunity  to  speak  before  your  committee  and 
welcome  your  questions  if  I  can^  of  further  assistance. 

Mr.  Symington.  I  certainly  thank  you  Dr.  Sawyer  for  your  state¬ 
ment.  It  gives  us  something  to  think  about  here. 

Mr.  Brown,  do  you  have  any  questions  ? 

Mr.  Brown.  I  just  wish  to  express  my  appreciation  for  this  testi¬ 
mony,  also.  I  think  it  is  excellent.  I  would  like  to  be  able  to  submit 
some  questions  in  writing  at  a  later  date  if  it  is  possible  to  do  so. 

Dr.  SAWTEai.  I  would  be  quite  willing  to  accept  those.  I  have  avoided 
technical  details  in  my  presentation  and,  since  that  is  my  field,  if  you 
ive  technical  related  questions  I  would  be  happy  to  answer  them. 
Mr.  Brown.  I  note  your  point  as  to  the  strong  impact  on  the  public 
welfare  by  the  automotive  industry  and  the  comparison  with  other 
areas  in  which  the  Federal  Cfovernment  has  taken  a  role  such  as  the 
health  care  system  and,  of  course,  the  technical  fields  of  aeronautics, 
atomic  energy,  and  astronautics.  I  was  intrigued  by  your  reference  to 
the  health  care  system  because  the  Congress  has  been  deeply  involved 
now  for  some  years  in  trying  to  rationalize  the  national  health  care 
system,  which  again  is  a  major  industry  in  this  country,  perhaps  in 
the  $100  billion  range,  and  with  a  very  large  group  of  dedicated  profes¬ 
sionals  whose  commitment  is  to  the  public  welfare,  and  yet  the  public 
welfare  does  not  seem  to  be  as  adequately  served  as  it  should  be.  I 
think  this  is  a  very  close  comparison  with  the  situation  in  the  auto¬ 
mobile  industry. 

Automobile  companies,  as  with  the  doctors,  are  becoming  quite 
wealthy  and  have  been  among  the  more  prosperous  elements  of  our 
society.  Yet,  we  find  transportation  and  health  being  areas  of  in¬ 
crease  Federal  concern.  I  am  intrigued  why  this  should  be  so  just 
from  a  philosophical  point  of  view.  What  is  wrong  with  our  great 
systems  of  supplying  these  human  and  technical  services  which  does 
not  allow  us  to  meet  the  needs  in  a  more  effective  fashion.  You  may 
wish  to  comment  on  that  although  it  may  require  greater  time  than 
is  available. 

Dr.  Sawyer.  That  is  certainly  a  field  in  which  I  am  not  active  but 
I  would  point  out  that  Federal  assistance  to  technological  iimovation 
and  health  care  has  been  substantial.  We  now  begin  to  see  engineers 
working  on  health  care  systems  which  I  think  is  a  veiv  productive 
effort  and  the  Federal  contribution  has  been  very  useful. 
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I  would  like  to  add  one  thing,  one  parenthetical  remark  rerarding 
the  very  impreaaive  Japanese  advancements  in  the  automobile  tech¬ 
nology  fidd. 

As  an  engineering  educator  I  find  that  both  the  Japanese  Govern¬ 
ment  and  industry  send  excellent  students  to  my  university  to  study 
for  a  period  of  1  to  2  years,  fully  paid  by  their  companies  or  the 
Government  itself.  These  students  return  to  Japan  to  play  an  active 
role  in  the  development  of  these  very  advanc^  technolo^  engines 
wUch  are  so  interemng  at  the  present  time.  I  have  never  had  a  student 
paid  by  the  U.S.  automobile  industry  come  to  study  at  our  university. 

Mr.  STMiNimiT.  There  were  echo^  in  your  testimony,  and  in  some 
of  the  preceding  testimony,  of  something  that  was  mentioned  4  or  5 
years  ago  in  our  Science  and  Technolo^  Panel  which  appears  annu¬ 
ally  before  the  Science  and  Astronautics  Committee  and  is  given  a 
general  subject  to  address,  such  as  “Technology  and  the  Urban 
Crisis.”  I  think  that  is  the  one  at  which  John  Gkirdner  was  the  key¬ 
note  speaker,  and  other  public  figures  from  all  over  the  world  were 
also  in  attendance.  There  was  one  mntleman  who  pointed  out  that 
Henry  Ford  with  his  Model  T  had  prepared  a  stock  chassis  that 
could  accommodate  whatever  improvements  in  engines  and  comfort 
over  the  years  would  likely  come  along.  That  seemed  to  be  a  fairly 
good  way  to  have  a  car  for  a  long  time,  too.  Then  he  said  that  Alfred 
Sloane  came  along  with  the  idea  of  the  annual  model  change  so  that 
people  would  be  dissatisfied  with  last  year’s  cars  and  would  want 
this  year’s  car.  And  this  caused  a  competition  in  cosmetic  changes, 
changes  in  the  appearance  of  cars  but  not  a  tremendous  amount  of 
energy  was  expended  in  other  technical  improvements.  Chrysler  did 
have  a  few  things  that  came  along  like  the  overdrive  and  certain 
enmne  improvements  but  they  did  not  reaUy  address  themselves  to 
sare^.  I  think  the  one  car  that  was  built  for  safety  was  a  big  bomb, 
the  Tucker.  People  sort  of  laughed  even  then  at  the  idea  of  tech¬ 
nology  for  safety.  And  why  were  they  allowed  to  laugh?  The  com¬ 
panies  laughed  with  them.  Tliey  did  not  caution  themselves  and  soci¬ 
ety  that  this  is  something  we  probably  ought  to  think  about,  even 
when  annual  deaths  would  go  from  20  to  50,000  and  the  injuries  and 
the  maiming  and  the  tragedies  would  be  many  times  more  than  that. 

So  finally  we  have  reached  a  point  where  society  has  decided  to 
address  itself  to  these  things  and  what  we  are  looking  for  is  the  right 
relationship ;  that  is,  between  Government,  industry,  and  the  people. 
It  was  testified  earlier  today  that  people  will  generally  accept  what 
they  are  encouraged  to  believe  is  available  with  minimum  discomfort 
ana  danger.  It  is  not  fair  to  stand  back  and  say  well,  we  are  just  giving 
the  people  what  they  want.  They  have  to  know  what  the  true  alterna¬ 
tives  would  be,  given  an  aggressive  technology,  to  be  able  to  make  a 
concise  and  informed  decision  intelligently  as  to  what  they  want. 
Would  you  agree  ? 

Dr.  Sawtbr.  Very  much  so,  and  I  think  we  are  quite  fortunate  in 
having  the  foreign  ccnnpetition  to  give  the  American  buyers  a  choice. 

Mr.  Stmixoton.  You  see,  the  pressures  on  people  in  elective  office 
are  very  great  to  extend  their  enthusiasm  for  sudden  change,  or  even 
slow  change,  because  we  are  warned  about  the  dislocatmns  which 
would  affect  the  stock  market  and  the  industry  itself.  And,  of  course, 
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the  l»bor  uniiHis,  although  they  consist  of  consumers  also,  they  fear  the 
greater  danger  is  the  kmd  of  distortion  in  the  economy  forcm  on  the 
industry  by  demands  from  the  Government  which  would  cause  them  to 
lose  jdae.  The  indeTOndent  dealers  and  the  oil  companies  generally 
point  out  t^  hazard  of  auto  emission  controls  because  it  adds  to  the 

Srice  of  the  car  and  reduces  fuel  economy.  I  think  you  have  stated  you 
o  not  think  that  is  the  major  reason  for  increased  costs  but  tney 
insist  that  it  is. 

And  so,  it  is  a  bit  of  a  dilemma.  There  is  a  great  deal  of  reluctance 
in  the  national  community  to  accept  changes  insisted  upon  by  the 
Federal  Government  in  their  lives  and  in  this  area  particularly.  The 
Federal  €h>vemment  can  really  break  its  pick  in  its  attempt  to  assist 
on  changes;  the  people  who  insist  on  those  things  will  get  bumped  out 
of  office  because  they  are  making  impossible  demands  on  the  taxpayer 
and  the  consumer — impossible,  at  least  in  the  range  of  their  under¬ 
standing.  They  cannot  accept  these  things. 

So,  really  it  rames  down,  in  one  sense,  inmicaUy,  to  a  substantiation 
of  dot’s  opinion  that  the  auto  industry  has  the  action  because  with¬ 
out  a  ccmscientious  approach  to  the  resolution  of  these  problems,  it  is 
almost  outside  the  capacity  of  Government  to  deal  with  them  effec¬ 
tively.  They  have  to,  really,  in  <me  sense,  come  from  the  industry.  The 
industry  h^  to  welcome  and  encourage  scientific  and  teclmological 
iimovations  within  its  own  ranks.  It  has  to  be  willing  to  devote  a  con¬ 
siderable  portion  of  its  profits  to  improving  the  clea^iness  of  the  car, 
the  engine  safety  of  the  vehicle,  and  so  forth.  It  has  to  pretty  much 
do  it  whether  the  public  asks  for  it  or  not  because  we  know  the  public 
will  not  ask  for  it  as  long  as  they  are  concerned  about  cost  and  as  long 
as  we  can  keep  the  death  level  down  to  50,000  a  year  in  a  nation  of  200 
million  people,  people  just  have  not  reached  a  threshold  of  resistance 
to  that  pattern. 

So,  I  think  even  you  would  agree,  woul<hi’t  you,  that  the  automobile 
indu^ry  hs»  a  tremendous  responsibility  and,  regardless  of  all  the 
argumentation  we  have  been  presented  with,  they  nave  not  really  yet 
met  it. 

Dr.  Sawyer.  The  automobile  industry,  of  course,  has  the  huge 
resources  which  will  have  to  be  brought  to  bear  to  solve  the  tech¬ 
nological  problems.  I  think  the  Government  can,  at  best,  hope  to 
provide  some  leverage  to  move  the  technol(^  by  demonstrating  that 
there  are  alternatives  which  may  be  better.  And  the  public  then  seeing 
these  alternatives  will  in  turn  demand  that  the  automobile  industry 
bring  them  into  production. 

Mr.  Symington.  The  industry  insists  that  the  demands  Government 
makes  (m  them — of  course,  they  would  include  in  that  any  tax  we  place 
on  the  in^cient  car — are  causing  higher  prices  for  cars.  They  go  to 
their  consumers  and  say,  “Look  what  the  Government  is  doing  to  us, 
to  you.  We  have  to  charge  another  $100  a  year.”  But  aren’t  you  saying 
that  if  they  retool^  for  a  smaller  car,  considering  the  effect  of  added 
weight  on  the  efficiency  of  the  car  and  on  the  cost  of  the  car  initially, 
because  pf  materials,  that  they  could  probably  bring  car  costs  down 
to  a  point  where  ydth  the  addition  of  the  latest  state-of-the-art  in 
auto  emissions  and  in  safety,  that  it  would  still  be  within  the  general 
and  expectable  range  of  cost  to  the  consumer. 

Dr.  Sawyer.  Yes.  I  think  with  a  move  toward  a  smaller  car  one 
has  a  much  more  economical  car  both  in  the  first  cost  and  in  the  operat- 


241 


ing  cost.  I  think  it  is  unfortonate  that  the  consumer  is  not  forced  to 
pay  for  his  «itire  gasoline  supply  for  100,000  miles  before  he  buys 
the  car  because  perham  that  is  the  only  way  one  can  drive  home 
the  expense  of  the  gasoline,  which  now  arout  matches  the  initial  cost 
of  the  car. 

Mr.  Stminoton.  It  seenm  to  me  they  are  kind  of  hangiim  on  for 
some  reason.  If  you  look  at  the  TV  adds  of  the  major  antomobile  manu¬ 
facturers,  for  a  while  they  were  very  quiet  about  their  large  vehicles 
but  now  they  seem  to  have  gained  back  some  of  their  old  enthusiasm 
saying,  “You  know,  there  are  some  families  who  have  to  ^ve  at 
least  a  medium-size  car  and  some  do  better  with  a  big  oar.”  Then 
they  throw  in  some  eye  wash.  In  the  en<L  as  a  matter  of  fact,  they 
sugg^  the  lar^  cars  are  really  more  efficient  and  economical,  and 
“try  it,  you’ll  like  it,”  that  sort  of  thing,  nniking  the  public  say,  “well, 
I  guess  ever^hing  is  all  right.  King  Faisal  is  behaving  again  and 
we’ll  have  a  decent  friendship  and  I  want  to  get  a  big  car.’’ 

I  suppose  we  will  have  a  chance  to  ask  the  spotesman  for  the  auto- 
mobUe  mdustry  why  they  think  that  is  a  fruitful  approach  at  this 
particular  time. 

Dr,  Sawtee.  I  am  certain  the  answer  is  that  it  is  a  comfortable 
approach.  They  know  how  to  make  profits  with  that  type  of  market 
and  it  is  simply  what  they  are  used  to  doing. 

In  being  critical  of  the  auto  industry,  I  am  also  in  not  too  veiled 
a  fashion  critical  of  some  of  the  Government  agencies  who  are 
responsible  for  regulating  the  auto  industry.  I  think  many  times  they 
view  only  the  control  fimctions  and  do  n^  have  an  ad^uate  back¬ 
ground  in  the  teclmological  aspects  to  specify  controls  which  indeed 
will  accomplish  what  they  set  out  to  accomplish.  It  is  important  to 
assure  there  is  a  base  of  good  technological  competence  within  the 
Government  control  agencies.  One  way  to  do  this  is  to  have  the  Gov¬ 
ernment  involved  in  research  and  deelopment  technology.  Automat¬ 
ically  there  then  are  experts  within  the  Government  available  to  the 
control  agencies. 

Mr.  Symington.  Counsel  would  like  to  ask  a  question. 

Mr.  Haubchx.  One  of  the  earlier  witne^es  before  the  subcommittee 
from  the  Department  of  Transportation  indicated  that  the  Federal 
Government  should  not  attempt  to  duplicate,  nor  could  it  reasonably 
he  expected  to  duplicate,  the  enormous  resources  of  the  automobile 
industry.  I  think  his  testimony  was  to  the  effect  that  what  the  Gov¬ 
ernment  really  should  do  is  try  to  provide  incentives  to  the  industry 
to  make  all  of  these  changes  in  terms  of  fuel  economy  and  pollution 
control.  But  your  statement  indicates  that  most  of  the  technological 
advances  in  recent  years  have  been  made  abroad  and  not  in  this 
country. 

It  seems  to  me  that  one  big  incentive  would  be  provided  by  the  fact 
that  the  car  manufacturers  from  abroad  are  making  these  advances. 
It  seems  to  me  that  alone  should  bring  a  lot  of  competitive  pressure 
on  the  domestic  automobile  industry.  I  do  not  quite  imderstand  why 
that  has  not  happened.  Do  you  have  a  theory  ? 

Mr.  Sawyer.  I  am  quite  certain  it  has  not  happened  in  the  past 
because  they  are  addrese^  to  different  markets.  The  foreign  auto¬ 
mobiles  have  been  predominantly  small,  usually  low  performance  vehi¬ 
cles.  The  American  automobile  industry  has  not,  until  very  recently. 
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tried  to  compete  in  that  market.  They  have  simply  been  very  happy 
to  take  on  the  large  car  market,  and  let  the  small  car  market  go  to  the 
foreii!n  manufacturers.  So  I  do  not  think  there  really  has  been  a 
direct  competition,  just  in  the  overlapping  region  where  people  move 
from  the  large  American  car  to  the  anail  foreign  car. 

Now,  inde^  all  of  the  large  manufacturers  have  cars  in  this  size 
range  which  are  in  fairly  direct  cmnpetition  with  the  foreign  cars.  This 
is  omy  a  very  recent  advent  and  these  < ‘ars  indeed  will  have  to  compete 
on  a  technologically  comparable  basis  or  they  will  not  be  successful. 

I  do  not  mean  to  imply  that  Detroit  has  no  advanced  technology 
ready  to  go.  I  have  visited  Detroit  on  numerous  occasions  during  the 
last  6  months.  I  am  going  to  Japan  next  month.  I  have  seen  in  Detroit 
substantial  advances  especially  m  the  field  of  stratified  charge  engines. 
When  these  will  come  into  prMuction  though  seems  to  be  a  very  ques¬ 
tionable  thing.  I  do  not  know  what  incentive  can  be  provided  to  speed 
up  this  process. 

Mr.  Symington.  Of  course  the  Clean  Air  Act  was  an  incentive,  but 
it  has  been  weakened  for  what  appeared  to  the  Congress  to  be  good 
and  sufficient  reasons,  pressed  by  the  auto  industry,  indicating  their 
inability  to  make  these  accommodations  until  later  on  in  the  seven¬ 
ties.  That  is  an  example  of  one  kind  of  leverage  we  can  impose.  It 
is  a  law  saying  you  have  to  make  it  by  this  time  period ;  and  that  ap¬ 
peared  to  be  unrealistic  and  so  we  extended  it.  Another  would  be  a  tax 
of  some  kind  on  emissions  which  they  would  resist  with  the  same 
intensity  because  it  would  have  the  same  effect. 

In  a  way  we  are  just  sort  of  feeling  our  way  along  here.  We  do  rec¬ 
ognize  that  the  auto  industry  has  its  small  car  line,  something  I  felt 
was  l(mg  overdue,  because  for  the  last  decade  I  have  found  it  pref¬ 
erable  to  have  a  small  car  and  have  always  found  at  least  one  Ameri¬ 
can  company  which  could  produce  one. 

I  hate  to  see  a  return  to  the  big  car  psychology.  I  kn-.'w  people  like 
to  travel  with  all  their  kids  but  I  have  seen  it  happen  in  Europe  that 
they’re  a  little  squeezed  up  in  there,  but  they  are  there,  and  all  their 
belongings  are  on  the  roof.  I  guess.  Also,  there  are  other  ways  of 
moving  about,  the  idea  of  taking  your  car  to  a  certain  place  on  a  train, 
or  going  and  picking  up  a  car.  I  am  not  sure  that  we  have  to  go  from 
coast  to  coast  in  cars,  but  those  are  just  idle  thoughts. 

Dr.  Sawyer.  I  agree  with  you  completely  and  I  think  it  is  most  un¬ 
fortunate  that  the  Federal  Government  lost  the  leaderehip  role  in 
promoting  fuel  economy  by  declaring  that  the  energy  crisis  was  over 
and  not  by  establishing  perhaps  quotas  on  imports  so  that  our  self- 
sufficiency  would  be  accelerated  by  keeping  the  American  public  away 
from  inefficient  automobiles. 

Mr.  Symington.  The  auto  manufacturers  would  love  that  and  the 
labor  unions,  too,  but  would  they  have  been  able  to  meet  the  differ- 
en<^?  If  we  had  insisted  as  a  Government  on  cars  of  that  size  and 
weight,  we  would  have  run  into,  I  think,  insurmountable  pressures. 
Of  course,  we  are  getting  into  another  area  of  hypothesis  row,  but 
I  think  it  is  a  goM  thing  that  we  did  not  cut  imports.  We  might 
have  found  ourselves  becoming  satisfied  with  what  we  were  able  to 
produce  here  profitably  regardless  of  the  nature  of  the  vehicle  pro¬ 
duced. 

Dr.  Sawyer.  I  meant  import  of  fuel. 
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Mr.  Symington.  Excuse  me. 

Dr.  Sawyeb.  That  is  to  sustain  the  shortage  of  fuel  to  encourage  the 
public  to  think  more  about  fuel  economy. 

Mr.  Symington.  I  don’t  think  that  would  have  worked  either. 

Dr.  Sawy^.  Well,  sir,  sooner  or  later  we  will  have  a  disastrous  situ¬ 
ation  in  which  we  simply  run  out  of  fuel,  and  it  is  better  that  we  face 
it  sooner  and  graduallv,  rather  than  precipitously. 

Mr.  Symington.  I  think,  of  course,  the  pressures  on  Government 
cause  it,  as  sort  of  a  natural  survival  instinct,  to  keep  trying  to  re¬ 
assure  people  that  there  isn’t  enough  fuel.  The  other  end  of  the 
spectrum  would  be  to  deliberately  withhold  fuel  and  see  how  tough  it 
is.  That  would  last  a  ve^  short  time,  I  think ;  certainly  one  congres¬ 
sional  election’s  worth.  [Laughter.] 

Mr.  Brown  ? 

Mr.  Brown.  I  was  going  to  comment  along  a  similar  line.  I  think 
that  we  only  seem  to  be  able  to  make  large-scale  policy  decisions  under 
the  impact  of  some  crisis.  The  impact  of  the  abort^  fuel  crisis  did 
result  in  the  largest  shift  in  demand  for  small  cars  that  this  Nation 
has  probably  every  seen. 

But  t^t  crisis,  as  you  correctly  point  out,  will  be  with  us  for  a  much 
longer  time.  It  needs  to  be  viewea  in  its  totality. 

I  have  no  feeling  that  we  cannot  cope  with  this  if  we  merely 
recognize  that  we  have  to.  I  think  back  to  the  period  during  World 
War  II  in  which  overnight  we  ceased  the  production  of  all  automobiles 
and  transformed  the  companies  to  building  tanks  and  airplanes.  Now, 
we  don’t  want  to  build  tanks  today,  but  we  might  want  to  build  small 
automobiles.  It  can  be  easily  done  if  there  is  a  sense  of  national  urgency 
about  it  and  some  degree  of  leadership  which,  as  other  witnesses  have 
testified,  has  not  been  forthcoming  from  this  Congress.  But  it  has  not 
been  forthcoming  from  a  lot  of  other  places  either.  It  is  my  hope  that 
this  vacuum  of  leadership  can  be  filled  and  we  can  help  to  create  a 
sense  in  the  American  public  of  the  things  which  need  to  be  done.  I  am 
completely  confident  that  if  the  American  public  is  aware  of  what 
needs  to  be  done — and  American  industrj’ — that  they  can  do  it.  There 
is  no  lack  of  capability  to  do  these  things. 

Mr.  Symington.  The  gentleman  has  called  to  mind  William  James’ 
suggestion  that  we  need  a  moral  equivalent  to  war  in  order  to  do  the 
right  thing  during  peacetime.  We  need  to  make  peace  a  heroic  venture, 
And  I  suppose  a  certain  amount  of  heroism  is  involved  in  trying  to 
discipline  ourselves  in  this  fashion. 

I  think  even  the  auto  industry  as  it  looks  ahead  40  years — as  I  said 
earlier,  that  is  a  long  time,  and  an  awful  lot  of  people  will  retire  before 
that  time  on  their  pensions — but  they  will  certainly  have  other  forms 
of  propulsion  by  that  time  one  way  or  the  other.  The  sooner  the  better 
because  we  have  to  get  here  from  there.  We  have  to  get  into  the  1980's 
with  some  confidence  that  people  can  propel  themselves  around  in 
satisfactory  vehicles,  and  the  purpose  of  these  hearings  is  to  determine 
whether  or  not  the  right  kind  of  thought  is  being  given  to  this. 

Mr.  Brown.  May  I  just  inquire,  Mr.  Chairman,  of  the  witness  with 
regard  to  the  timing  of  the  National  Academy  of  Scences’  study  with 
which  he  is  connected.  Do  you  expect  that  to  be  forthcoming  shortly  ? 

Dr.  Sawyer.  There  are  several  National  Academy  of  Sciences’ 
studies.  The  one  which  I  am  associated  with  addresses  emission  stand- 
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ards  and  the  fuel  economy  c(»ts  of  meeting  emission  standards.  It  is  to 
be  delivered  to  the  Congress  on  the  of  October. 

Mr.  Bbowit.  Is  it  the  one  commissioned  by  the  Senate  ? 

Dr.  Sawtsil  Y^es,  to  guide  them  in  possible  changes  of  the  auto 
emission  standards. 

Mr.  Bbown.  On  the  health  elSectst 

Dr.  Sawteb.  No,  purely  with  the  technology  of  automotive  emissions 
control. 

Mr.  Brown.  Is  there  a  separate  study  on  health  effects  ? 

Dr.  Sawteb.  Yes. 

Mr.  Bbown.  But  the  study  is  also  due,  as  you  indicated,  in  October? 

Dr.  Sawteb.  I  believe  so.  And  there  is  yet  a  third  study  in  the  area 
of  cost  'benefits  which  I  believe  is  due  a  month  before  that. 

Mr.  Bbown.  So  all  three  studies  will  actually  be  forthcoming  then 
byear^fell? 

Dr.  Sawteb.  Yes. 

Mr.  Bbown.  ThanWou. 

Mr.  STiciNcnoN.  IWnk  you  very  much,  Dr.  Sawyer,  for  your 
testimony. 

The  committee  will  meet  amin  tomorrow  at  10  ajn.  in  this  room. 
Tomorrow  will  be  “Industry  Day.”  The  subcommittee  will  hear  the 
testimony  of  representatives  of  major  automobile  manufacturers. 

Tory’s  meetum  is  adjourned. 

[Wherenp<m,  &e  subomnmittee  was  adjourned  at  11:45  a.m.,  to 
reconvene  Wednesday,  the  12th  of  June  1974,  at  10  a.m.] 


RESEARCH  ON  GROUND  PROPU^^ON  SYSTEMS 


WlEWntSDAT,  Jxrsx  1874 

HoUSa  OF  RKPBESENTATIVIiS, 

OoBoaTTEB  as  SctsscB  ASD  AsraoNAvnoB, 
StTBOOUtMiirraB  on  Space  ScnsNc®  and  Afpucations, 

’Washington^  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  in  room  2325,  Ray- 
bum  House  Office  Building,  Hon.  James  W.  Symington  (chairman) 
presiding. 

Mr.  Symington.  The  subcommittee  will  be  in  order. 

This:is  the  sec^d  day  m  our  current  set  of  hearings  on  H.R.  10392, 
a  bill  to  SiUthorize-  RASA  to  conduct  research  on  ground  propulsion 
systems. 

We  have  invited  representatives  of  the  major  U.S.  automobile  manu¬ 
facturer  to  testify  on  the  research  and  development  activities  of  their 
companies,  loold^  toward  the  development  of  improved  engines  in 
terms  of  fuel  economy,  clean  emissions,  and  performance. 

We  also  want  to  explore  with  them  the  appropriate  role  of  the 
Government  in  research  of  this  type. 

We  will  begiu  by  hearing  a  statement  by  Mr.  Sydney  L.  Terry,  vice 
president.  Corporate  Besponsibilify  and  Consumer  Affairs,  of  the 
Chrysler  Corp.  Welcome,  Mr.  Terry;  will  you  introduce  your 
colleagues?! 

[Abipgraphical^ketch  of  Mr.  Terry  follows ;] 

Mb.  'STimKT  L.  Tebbt 

'Sydney  Ii.  TTeny,  vice  presldait,  public  re^nsibility  and  consumer  affairs, 
directs  Chrysler  GerponUion’s  automotiTe  safety  relations,  euTiroumental  rela¬ 
tions,  and  consumer  affairs  programs.  l%e  office  he  heads  also  keeps  the  compan.y 
alert  to  Its  policies  and  responsibilities  in  such  areas  as  costomer  serrice  and 
energy  oonseivatl<m. 

Appointed  Apiril  1, 1874,  be  had  been  vice  piesldmit,  enrironmental  and  safety 
relatkms. 

Terry’s  work  and  academic  background  includes : 

Vice  President,  Bnylronmental  and  Safety  Belations,  July,  1971-Marcb, 
1874. 

Vice  Pieffident,  Satety  and  Emissions,  May,  1970- July,  1971. 

Vice  President,  Bnid^ring,  January,  1968-May,  1970. 

Director,  Engineerhig,  19%. 

Directoir,  Engineering  Oj^ratlons,  1966. 

BxscntiTe  Assistaint  to  Croup  Vice  President:  International  Operations, 
1861. 

Director,  Corporate  Product  Planning,  1969. 

ExecutlTe  Assistant  to  Director,  Corporate  Product  Volume  Planning, 
196a 

Cffitof  of  Section,  Engineering  Product  Plaiming  and  Programming,  1956. 

Chief  of  Sectioa,  Engineering  Management  Planning,  1966, 
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Chief,  Interior  Styling,  1966. 

Depaitment  Head,  Odor  and  Fabric  etndlo,  1962. 

Awdatant  CMef  Bnglneer,  Dodge  XMvlaiMt,  1960. 

lAboratoiy  Bngliieer,  Gear  Fonctlona,  1918. 

Project  Engineer,  Development  Deaign,  1945. 

Project  Engineer,  Engine  Installation  ModlflcatitHi  Center,  1944. 

Pnjeet  Engineer,  Atreaft  Hhgine  Design,  1941. 

iStndoit  Engineer,  Oursler  Conmntioti,  1941. 

Master  ot  Sclrace,  antomotiTe  engineering,  Chrysler  Institute,  1943. 

'Bachelor  otScimice,  engineering,  Stanford  Univcmity,  1941. 

Central  HighSdiool,  TuLsa.  Okie. 

Terry  is  a  director  ot  the  Sod^  ot  Automotive  Engineers  and  a  past  diainnan 
of  its  Technical  Board.  He  is  dtarimnn  of  the  Ihiglneering  Advisory  and  Safety 
Standards  committees  of  the  Motor  Yehide  Manufacturers  Assodation  (MYMA). 
He  belongs  to  the  Engineering  Sodety  of  Detroit  and  serves  on  the  jadrisory  board 
to  the  Dnivmnity  of  Detroit  Coliege  of  Engineering  and  the  board  of  directors  of 
the  National  Safety  Conndl. 

He  is  a  member  of  Phi  Beta  Kappa  and  Tan  Beta  Pi  honorary  sodetles. 

He  bdiMigs  to  Delta  Tan  Ddta  fraternity,  the  Detroit  Athletic  Clnb,  Otsego 
SU  Gitto  and  the  Country  <3nb  ot  Oetrdt. 

Terry  was  born  April  6,  1920  in  Huntsville,  Alabama.  He  Is  married  and  has 
six  children.  The  Tetrys  reside  in  Orosae  Polnte  Farms,  Michigan. 

STATEMEHT  OF  STSHET  I.  TE^T,  VICE  FSESIEEFr,  PUBLIC  B£- 

SPOHSEKUITT  AHD  COESUMEB  AFFAIBS  OP  THE  CHBYSLEB 

COSP. 

Mr.  Terrt.  My  name  is  Sydney  L.  Terry,  and  I  am  vice  president  for 
public  responsibility  and  consumer  affairs  for  Chrysler  Corp.  With 
me  is  George  J.  Huebner,  Jr.,  director  of  research,  product  planning, 
and  development  staff.  And  on  my  right  is  Mr.  Victor  Tomlinson, 
staff  attorney. 

We  welcome  the  invitation  and  opportunity  to  express  our  views 
on  H.R.  10392,  a  bill  authorizing  NASA  to  build  up  research  on  ground 
propulsion  vehicles.  In  your  letter  of  invitation  addressed  to  us  you 
expressed  a  desire  to  review  the  work  being  dqne  on  conventional 
automotive  engines  as  well  as  alternative  concepts  and  the  prospects 
for  clean  emissi<His  characteristics,  fuel  economy,  and  performance. 

Re^rch  and  development  work  at  Chrysler  Corp.  has  increased 
steadily  in  scope  and  size  over  the  60  years  of  corporate  history  and 
Chrysler  has  had  for  many  years  what  we  believe  to  be  a  well-deserved 
reputation  for  superior  research  and  engineering  results. 

Our  primary  business  is  automotive  transportation  and  the  results 
of  our  efforts  in  the  fields  of  research  and  development  have  been  di¬ 
rected  toward  the  optimization  of  automotive  vehicle  systems  and 
components.  Extensive  research  and  development  work  has  gone  on 
to  improve  the  efficiency,  durability,  and  driveability  of  automotive 
propulsion  systems.  When  the  role  of  automotive  emissions  in  smog 
lormation  was  first  discovered,  research  was  undertaken  at  Chrysler 
to  determine  possible  means  of  controlling  or  eliminating  undesirable 
components  of  exhaust  gas.  In  addition,  Chrysler  took  a  leading  role 
in  the  scientific  work  to  develop  measurements  and  testing  methods 
in  cooperation  with  the  California  authorities. 

Rei^rch  on  alternate  poweiplants  has  been  a  continuous  activity. 
We  have  explored  the  potential  of  new  and  hopefully  superior  endues 
and  transmissions.  We  have  utilized  the  successful  results  of  this  re¬ 
search  and  development  in  act  ual  powerplants  that  can  be  manufac- 
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tured  and  sold,  and  that  give  the  economy,  convenience,  safety,  and 
durability  our  customers  demand. 

Research  and  development  work  has  also  been  actively  pursued  in 
those  other  areas  of  automotive  transportation  :^uirements  which 
are  essential  characteristics  of  the  automobile  business. 

This  requires,  of  course,  that  the  automobile  transport  people  and 
goods  from  one  place  to  another  safely  and  efficiently  with  the  max¬ 
imum  of  comfort.  It  requires  that  our  custcnner’s  investment  is  appeal¬ 
ing  in  its  appearance  aira  appointments,  and  that  the  custmner  receive 
the  maximum  benefit  for  his  rather  substantial  investment. 

The  target  of  a  major  portion  of  research  and  development  wmrk 
done  at  Chiwsler  over  the  last  half  century  has  been  the  engine  and 
drive  train.  The  list  of  alternate  engines  carefully  explored  covers  the 
range  of  every  type  and  variation  of  powerplant  being  discussed  today 
which  can  show  pixnnise  for  the  future. 

We  have  invertigated  diesels  of  various  types,  steam  systems,  rotary, 
Stirling  eng^es,  and  gas  turbines.  We  have  considered  radial,  hori¬ 
zontal,  stratified  charge,  and  supercharged  spark  ignition  engine^  as 
well  as  L-type  engines,  overhead  valve  engines,  two-stroke  engines, 
four-stroke  engines,  and  many  others.  Each  has  bmn  subjected  to  care¬ 
ful  scientific  and  technical  research  and  development  work.  Each  has 
been  carefully  compared  on  a  >point-by-point  basis  with  the  spark 
ignition  piston  engine,  which  is  still  the  worldwide  stamlard  of  com¬ 
parison  for  automotive  wwerplants. 

Work  being  done  at  Chrysler  on  conventional  engines  is  concerned 
primarily  with  reducing  undesirable  exhaust  emissions  and,  at  the 
same  time,  improving  engine  efficiency.  It  is  unfortunately  true  that 
these  two  obj^ives  are  sometimes  counter  to  each  other  by  natural 
laws  which  we  can  only  try  to  circumvent  but  which  we  cannot  change. 

Thus,  the  increaang  stoingency  of  emissions  regulations  plus  the 
weight  increases  due  to  safety  regulations  has  resulted  in  a  gradual 
erosion  over  the  past  few  years  of  the  basic  fuel  economy  of  TJ.S.  cars. 
We  have  measured  fuel  economy  deterioration  of  between  7  percent 
to  22  percent  over  toe  past  5  years,  depending  on  the  model  and  the 
Xiarticular  fuel  economy  test. 

Next  year  we  expect  to  show  a  slight  improvement  overall  in  fuel 
economy  due  to  our  work  on  engine  efficiency,  the  development  of 
lower  axle  ratios,  and  wide-spread  use  of  radial  tires.  But  if  the  re¬ 
quired  NOx  emissions — NO*,  meaning  oxides  of  nitrogen — continue  to 
TO  lowered,  according  to  present  regulations,  fuel  economy  will  suffer. 
Fuel  economy  losses  of  as  much  as  20  to  30  percent  have  resulted  with 
some  of  our  advanced  emission  control  systems  aimed  at  meeting  the 
0.4  gram  per  mile  NO,  requirement  contained  in  the  1970  Clean  Air 
Act. 

An  alternative  variation  of  the  conventional  engine  which  shows 
promise  of  substantial  economy  improvement  with  good  emissions  is 
the  stratified  charge  principle. 

About  20  years  ago,  we  began  to  work  with  Texaco  on  what  came  to 
be  called  the  Texaco  controlled  combustion  system,  or  TCCS,  engine. 
Combustion  is  managed  in  the  cylinder  so  that  a  rich  mixture  of  fuel 
and  air  is  injected  into  one  zone  of  toe  cylinder  and  ignited.  It  bums 
rapidly  and  causes  to  bum  at  a  lower  temperature  the  more  diluted 
mixture  that  spreads  into  the  nst  of  the  chamber.  This  varying  mix- 
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ture  and  temperature  produce  fewer  emissions  than  the  uniform  mix¬ 
ture  in  a  conventional  engine.  This  pattern  of  burning  also  uses  some 
25  percent  leas  fuel  than  that  of  tm  conventional  engine.  But  that 
advantage  is  saorificed,  as  better  fuel  economy  is  a  conventional  engine 
is,  as  emission  controls  approach  the  strin^ncy  ^uired  by  the  1977 
standards.  We  do  have  a  fotir-cylinder  TOCS  engine  on  a  Cricket,  and 
we  continue  to  work  with  it. 

The  other  type  of  stratified  charge  engine  is  the  Honda  versi<Hi, 
which  employs  two  burning  chambers.  A  small  amount  of  rich  mixture 
is  ignited  in  a  small  pre-ehamber  and  fired  like  a  torch  into  a  larger 
quantity  of  lean  miidure  in  the  main  part  of  the  cylinder.  We  had 
looked  at  this  principle  off  and  on  for  several  decades,  but  Honda  was 
the  first  to  apply  the  principle  to  a  production  vemcle.  Honda  an¬ 
nounced  about  a  year  a^  that  it  would  soon  offer  for  sale  a  four- 
cylinder  stratified  charge  engine  on  its  Civic  model. 

We  signed  an  agreement  with  Honda  last  fall  to  study  the  Honda 
engine  on  two  Civics  and  on  adaptations  to  two  350  cubic  inch  V-8's, 
for  Hmida  had  begun  to  adapt  the  engine  to  a  larger  car.  That  adapta¬ 
tion  was  far  fromTbeing  ready  to  put  on  a  mass-production  line. 

Building  a  new  valve  system — which  means  essentially  rebuilding 
the  whole  top  of  the  engincj  as  we  are  trying  now  to  do  for  our  six- 
and  eight-cylinder  modd^s— is  a  delicate  and  time-consiuning  develop¬ 
ment  process.  Honda’s  success  with  a  four-cylinder  is  of  more  in¬ 
spirational  than  practical  value  as  we  try  to  apply  the  principle  to  a 
larger  engine. 

We  are  continuing  to  study  both  stratified  charge  engines.  They  have 
good  advantages.  They  are  cleaner.  The  TCCS  engine  can  run  on 
diesel  fuel  and  kerosene  as  well  as  gasoline.  But  it  does  not  get  signifi¬ 
cantly  better  mileage  than  today’s  mileage  of  a  conventional  engine 
if  it  bears  all  the  emission  control  equipment  it  needs — basically 
the  same  complement  as  the  conventional  engine  does — to  meet  the 
197 6-77  emission  standards.^ 

Perhaps  the  most  ambitious  and  far^hted  powerplant  research 
project  ever  undertaken  by  any  automobile  company  h^  been  Chrys- 
ler’s  work  on  the  automcrt;ive  gas  turbine.  We  hebeve  that  it  diows 
promise  of  meeting  passenger  car  powerplant  objectives  in  a  way 
which  give  it  substantial  advantages  over  all  other  powerplants  used 
today. 

B^  in  order  to  achieve  those  very  significant  advanteges,  it  is  neces¬ 
sary  to  depiut  completely  from  current  automobile  industry  power- 
plant  engineering  and  manufacturing  principles  and  practices. 

Such  wvelopment  work  is  necessarily  a  very  cosjJy  long-term  proj¬ 
ect.  It  requires  not  cmly  scientific  and  engineering  discovery  and  inven¬ 
tion  but  will  eventually  require  that  new  types  of  manufacturing  and 
processing  techniaues  be  ^veloped. 

Mwh  pro  '  ess  nas  been  achieved  on  the  gas  turbine.  In  1963, 50  ex¬ 
perimental  tuibine  oars  were  hand  built  and  then  loaned  to  randomly 
selected  users  throughout  the  country  for  their  evaluation.  We  learned 
much  during  this  2^-year  experiment.  Drivers  liked  turbines  wid 
from  the  tedmical  stuidpoint  suffident  information  was  obtained  to 
enable  us  to  plan  our  foture  development  steps  in  a  logical  manner. 

As  with  all  fuel  burning  powerplants,  the  turbine  has  bad  problems 
with  oxides  of  nitrogen  emi^cms.  The  turbine  exhaust  is  very 
from  the  standpoint  of  unbumed  hydrocarbon  and  carbon  monoxide. 
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However,  even  tiioogh  oxides  of  oitrogm  were  only  a  fracticm  of  those 
emitted  by  an  uncontrolled  spark  i^^hioii  engine,  they  were  higgler 
than  that  pennitted  the  Clean  Air  Act  of  1970— and  fat  a  number 
of  years  of  frustn^ing  wwk,  it  did  not  seem  possible  to  lower  them. 

The  EPA  has  recomiized,  on  the  basis  of  torts,  that  the  oxides  of 
nitrogen  regolatkms  feveb  currently  requited  by  the  Clean  Air  Act 
Amendment  of  1970  are  more  strident  than  reqmred  for  health  or 
atnra^heric  conditicms.  AHhoo^  EPA  has  ptmlicly  expressed  this 
position  no  chai^  in  required  NOs  levels  has  yet  made  in  the 
law.  If  the  law  is  changed  and  a  new  NOs  standard  in  the  area  of  2 
grams  Mr  mile  is  estalmshed,  we  believe  that  the  automotive  gas  tur¬ 
bine  will  be  able  to  meet  such  revised  standards  with  an  ample  margin 
of  safety. 

In  aaditi<Hi  to  our  own  continuing  research  we  were  granted  a 
oontradi  by  the  EPA’s  Advanced  Automotive  Power  Systrais  Group 
approximatoly  years  ago  to  supply  several  of  our  latest  turbine 
engines  to  serve  as  a  baselme  powmrplant  on  which  to  evaluate  the 
results  of  turbine  component  research  done  independently  of  Chrysler 
efforts.  The  initial  oUective  of  this  (xmtract  was  to  meet  the  emissions 
requirements  of  the  Clean  Air  Act  Amendment  of  1970  with  a  margin 
of  safety  of  approximately  50  perceirt.  In  19732  this  objective  was 
modified  to  include  a  requirem^  for  substantial  improvement  in 
fuel  economy  over  that  of  the  spark  ignition  engine. 

We  are  r^esigning  and  upgrading  the  Chrysler  engine.  Initial 
component  tests  mdicate  that  improved  efficiency  goals  seem  to  be 
achievable. 


As  part  of  the  effort  under  this  contract  the  Lewis  Laboratories  of 
NASA,  under  an  interchange  agreement  with  EPA,  is  contributing  to 
the  aer^ynamic  development  of  turbine  elemraits  such  as  the  compres¬ 
sor,  turbine  wheels,  nozzles,  and  air  passages.  NASA’s  skill  and  experi¬ 
ence  in  the  fields  of  thermodraamics,  heat  transfer,  fluid  mechanics, 
and  aerodynamics  will  contribute  substantially  to  achieving  program 
objectives. 

We  welcome  NASA’s  interest  in  the  automobile  with  enthusiasm  and 


hope.  Its  work  in  aviation  has  given  our  aircraft  industry  such  a  good 
technical  foundation  that  it  leads  the  world  in  sales — the  marketplace 
indicator  of  quality. 

Until  now,  the  automobile  industry  has  had  only  its  own  research  on 
which  to  grow.  Under  its  own  steam — or  spaik — it  has  given  the 
United  States  the  most  responsive  system  for  moving  people  in  the 
world.  But  we  have  challenges  now  that  we  would  be  delighted  to  have 
NASA  help  us  meet. 

The  impetus  of  the  Clean  Air  Act — and  lately  that  of  the  line  at  the 
gas  station — demand  that  the  development  of  many  years  be  done  in 
a  few  months.  This  is  not  a  good  way  to  rebuild  a  complicated  machine. 

NASA  is  very  good  at  the  sort  or  long-range  basic  research  we  need 
badly  now. 


We  would  like  to  have  NASA’s  skill  and  exi)erience.  We  cannot 
afford  to  follow  all  the  directions  in  which  research  ought  to  be  done. 
We  have  to  be  selective. 

For  example,  we  would  like  to  know  more  about  how  to  manipulate 
the  burning  in  a  cylinder  or  combustion  chamber.  We  might  be  able 
to  build  a  Mtter  stratified  charge  engine.  We  would  like  tofaiow  more 


about  the  wear  of  parts  in  hotter  enpnes  or  differently  designed  en- 
gine&  We  want  to  mow  aaore  about  Afferent  shapes  of  turbine  blades 
to  get  the  best  fncl  and  air  flow  tluougfa  a  turbine.  We  need  lower  cost 
materials  with  which  we  can  raise  cycle  temperatures  to  even  higher 
levels  for  greater  fuel  econ^y. 

We  believe  the  antomotive  industry  then  well  suited  to  take  the 
results  of  this  research,  and  actually  design  and  develop  engines  for 
mass  productimi  a^  deliver  them  to  the  public  as  a  part  of  a  desirable 
automobile.  That  is  the  function  of  private  industry  in  our  country. 

The  most  effective  way  of  achieving  an  automobile — or  a  variety— 
that  is  clean,  efficient,  and  ecxmomical  is  a  thoughtful  division  of' re¬ 
search  and  development  work  between  Government  and  industry.  We 
do  not  want  to  comTCte  with  NASA.  We  like  the  working  relationship 
we  have  with  the  EPA  for  research  and  development,  and  we  hope, 
that  if  NASA  is  emmwered  to  do  automotive  research  our  relation¬ 
ship  with  NASA  will  be  as  friendly  and  productive  as  it  has  been  for 
more  than  a  decade  in  the  manned  space  program. 

Thank  you  very  much. 

Mr.  STJcmoTON.  Thank  you,  Mr.  Terry,  for  your  very  illuminating 
and  thoughtful  statement. 

The  research  you  do  with  EPA  is,  of  course,  largely  directed  toward 
solution  of  the  emissions  problems ;  is  it  not  ? 

Mr.  Terry.  They  have  added  fuel  economy  into  the  requirements  for 
the  turbine.  As  I  mentioned  in  my  statement,  the  contract  includes  a 
requirement  for  a  substantial  improvement  in  fuel  economv  as  well.  It 
was  added  after  the  beginning  of  the  program.  Initially,  the  program 
was  aimed  at  lowering  emissionr;.  But  they  also  now  recognized  thie  im¬ 
portance  of  fuel  economy. 

Mr.  Stkington.  Do  you  feel  if  NASA  were  to  engage  in  this  kind  of 
long-range  research  that  that  would  either  be  duplicative  or  counter- 
pnmuctive? 

You  testified  you  feel  it  would  be  helpful,  but  I  would  like  to  explore 
that  point. 

Mr.  Terry.  No,  sir.  The  EPA  program  is  aimed  at  development  of 
specific  powerplants  which  can  be  put  into  cars  now.  They  are  tested  . 
with  emission  levels  now  and  reach  certain  fuel  economy' levels  now. 

So  if  they  actually  have  a  car  with  an  engine  in  it  they  say  here  is 
what  we  have  done  with  our  research.  We  do  not  think  it  would  be 
duplicative  in  the  sense  we  are  talking  about  NASA  doing  long-range 
basic  research  to  contribute  to  the  solution  of  these  problems. 

Mr.  Syhinoton.  Very  good. 

Now  just  for  the  record,  how  much  are  you  spending  annually  in 
your  work  with  EPA  to  solve  the  current  problems  of  emissions  and 
fuel  economy  ? 

Mr.  Terry.  You  mean  the  turbine  work  with  EPA  or  all  the  work  on 
alternate  powerplants  which  is  independent  ? 

Mr.  Symington.  Would  you  give  both  figures,  if  you  can  ? 

Mr.  Terry.  Yes.  Plus  the  little  bit  we  are  doing  with  SES  on  steam 
was  $3.9  million.  That  is  independent  of  the  EPA  work.  It  is  independ¬ 
ent  and  does  not  go  on  our  regular  budget. 

The  amount  we  are  spend^  for  1^3  on  the  EPA  contracts  is  $1.8 
million.  We  expect  to  sprad  in  1974  $2.9  million. 

Mr.  Symington.  That  is  the  turbine? 
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Mr.  Tebbt.  Yes.  Plus  the  little  bit  we  are  doing  with  S£S  on  steam 
powerplants.  We  are  assisting  SES. 

Mr.  STViNonKHB.  It  is  $1.8  millicm  for  your  work  with  £PA  on  tur¬ 
bine  ensmes? 

Mr.  Tebbt.  Yes;  $1.8  in  1978  and  $2.9  in  1974,  respectively.  A  few 
hundred  thousand  dollars  of  that  is  to  SES,  but  mainly  it  is  for  the 
EPApix^n^am. 

Mr.  Stmingtok.  How  many  personnel  of  yours  would  be  involved 
in  that? 

Mr.  Tebbt.  I  will  have  to  ask  Mr.  Kuebner. 

'  Mr.  HcEBNiat.  On  EPA  at  present  there  are  66  people. 

SnciKOTON.  Looking  at  page  3  of  your  statement  where  you 
reviewed  the  various  engine  systems,  in  the  first  paragraph,  iust  so  1 
can  understand  it,  is  that  kind  of  investigation  inclu(^  in  the  figure 
you  gave  me? 

Mr.  Tebbt.  No,  sir. 

Mr.  Stwington.  If  not,  how  much  are  you  devoting  to  that  ? 

Mr.  Tebbt.  The  top  paragraph  on  page  3  is  aimed  at  covering  the 
wide  range  of  investigations  we  have  made  on  all  kinds  of  power- 

Slants  over  a  long  period  of  time.  We  try  to  confine  ourselves  to  actual 
evelopment  and  engineering  work  on  engines  which  we  feel  have 
promise  for  utilization  in  the  near-term  future  and  which  we  think 
might  be  developed.  Engines  that  have  some  chance  of  becoming  prac¬ 
tical  in  automobiles  in  the  foreseeable  future. 

This  rules  out  a  great  many  of  the  kinds  of  powerplants  which  are 
listed  there. 

Mr.  Stminoton.  What  would  be  a  typical  annual  expenditure  for 
that  kind  of  short-term  research  ? 

Mr.  Tebbt.  Our  expenditure  for  alternate  powerplants  in  1973  was 
$3.9  million. 

Mr.  Stmington.  I  understand  now. 

By  the  way,  in  the  first  paragraph  on  page  3  of  your  statement,  you 
mention  that  each  of  the  aforementioned  systems  has  been  carefully 
compared  on  a  point-by-point  basis  with  the  piston  engine.  Is  that 
conmarison  complete  ? 

Mr.  Tebbt.  In  a  great  many  cases,  the  engines  are  put  on  a  paper 
study.  We  have  people  who  have  sufiRcient  experience  that  we  can  take 
the  results  of  such  paper  studies  and  say  it  is  not  worth  doing  any 
more  development  work  on  that  engine. 

Mr.  Stmington.  In  other  words,  you  have  already  rejected  some  of 
the  approaches  which  you  were  addressing  ? 

Mr.  Tebbt.  Yes,  sir,  at  least  for  the  present.  You  understand  how¬ 
ever,  that  we  can  always  have  future  developments  which  can  change 
our  minds. 

Mr.  Stmington.  The  $3.9  million  is  spent  mostly  on  systems  which 
you  think  have  some  potential  for  reasonably  short-term  exploitations  ?’ 
Mr.  Tebbt.  Yes. 

Mr.  Stmington.  So  really  you  are  not  devoting  very  much,  if  any- 
thi^,  toward  long-term  en^e  research  ? 

Mr.  Tebbt.  I’m  not  sure  I  understand  your  question. 

Mr.  Stmington.  I  think  what  you  te^ified — or  at  least  as  I  under¬ 
stand  yoar  testimony — that  Chrysler  spending  about  ^.9  million  on 
automobile  engine  research — that  is,  alternatives  to  the  piston  engine — 
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bat  that  almost  all  of  that  sum  is  spent  on  enmne  alternatives,  which 
would  seem  to  provide  some  hope  of  being  cm^oyed  in  the  near  term  ? 

Mr.TEKBT.  Yes,  sir.  Mr.  Hnelmer  would  like  to  comment. 

Mr.  Httebnek.  Let’s  review  some  of  these  things  from  the  p^,  Mr. 
Symington.  For  example,  we  spent  several  years  working  with  fuel 
cells  as  a  means  of  automotive  propulsion.  We  are  not  working  on  fuel 
cells  at  tile  present  time  because  they  do  not  appear  to  be  practical  even 
in  the  long-range  future  from  the  automotive  standpoint. 

Many  of  these  alternate  powerplants  come  under  that  category.  We 
are  and  have  taken  very  long  term  projects.  For  example,  we  have 
been  working  vet^  sericmsly  <»i  the  automotive  gas  turbine  for  well 
over  20  years.  This  is  a  loi^-term  project.  We  think  it  is  approaching 
the  time  when  the  final  decision  can  be  made  to  put  it  into  high  volume 
producticm. 

Mr.  Si^NOTON.  That  represents  20  years  of  research  on  the  turbine, 
and  that  is  the  research  which  is  today  at  $3.9  million. 

Mr.  Terkt.  That  is  a  good  part  of  the  $3.9  million,  plus  the  addi¬ 
tional  work  being  done  for  EPA. 

Mr.  HrnsBNER.  There  are  two  distinct  programs  here. 

Mr.  Symington.  Well,  looking  back  over  those  20  years,  if  you  had 
known  then  what  difficulties  we  would  be  having  today  with  existing 
teclmology,  would  you  have  felt  compelled  to  try  to  speed  up  that 
research,  or  do  you  think  it  was  progressing  as  fast  as  it  could  consist¬ 
ent  with  the  state  of  the  art  ? 

Mr.  Huebner.  I  do  not  think  it  could  have  gone  any  faster  than  it 
did.  I  believe  we  have  in  a  sense  led  the  rest  of  the  world,  because  most 
of  the  automotive  turbines  today  being  developed  have  a  strong  stamp 
of  our  research  on  them. 

Mr.  Symington.  "V^y  did  you  undertake  that  research  20  years 
ago?  You  were  not  under  any  sense  of  urgency,  but  you  were  interested 
and  curious  about  a  possible  new  approach  to  propulsion;  isn’t  that 
true? 

Mr.  Huebner.  We  wanted  a  better  powerplant.  We  wanted  one 
which  had  hi^er  efficiency,  that  had  a  cleaner  exhaust,  that  had  less 
maintenance,  that  didn’t  need  oil  changes,  and  that  would  be  smoother 
and  all  of  these  things,  so  that  the  customer  would  have  less  expense 
and  pasengers  in  the  car  could  get  instant  heat. 

All  of  those  things  were  a  part  of  the  reasons  as  to  why  we  finally 
settled,  out  of  numerous  choices  which  faced  us,  on  the  turbine  as  the 
best  potential. 

Mr.  Symington.  But  of  course,  as  you  c<mducted  that  research,  you 
were  doing  perfectly  well  with  the  powerplant  you  had,  and  there  was 
no  (Hie  pushing  you  to  think  anew. 

Mr.  ^RRY.  As  a  matter  of  fact,  I  think  it  is  worth  saying  that  when 
the  decision  was  made  to  develop  the  turbine  and  we  were  well  into 
the  program,  exhaust  emissions  was  not  recognized  as  a  problem.  It 
just  happened  that  the  turbine  had  a  very  clean  exhaust.  After  the 
importence  of  the  emissions  came  to  be  recognized  and  started  to  be 
a  requirement  for  engines,  the  turbine  was  found  to  be  so  low  it  was 
very  difficult  to  measure  its  hydrocarbons  and  carbon  monoxide 
emissions. 

As  we  pmnted  out  in  the  testimony,  there  is  still  a  substantial  prob¬ 
lem  with  meeting  the  NfX  levels  if  they  remain  as  low  as  those 
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rwimred  by  the  1970  Glean  Air  Act.  This  is  a  fundam^tal  problem. 
Wmoi  you  lower  NOz  emissions,  you  will  loee  efficiency.  [I*ause.] 

Ge(H^  says,  “Except  in  the  turbine.”  But  the  fact  remains  that  if 
you  want  a  hwher  hMt  for  ccunbustien  yon  will  have  m<m  forma¬ 
tion  of  NOz.  It  70U  could  find  some  way  to  get  around  the  higher  heat 
in  the  tarlnne  you  mij^t  be  able  to  get'around  tbe  NOz  protumn.  And 
you  certainly  could  bring  the  emiasum  much  lower  tium  you  can  with 
the  conventional  pistcm  engine,  particulariy  if  the  temperature  within 
the  turbine  rises. 

Mr.  Stbcinoton.  Yesterday  a  witness  testified  that  the  foreign  auto 
industry  appears  to  have  led  the  way  in  recent  years  in  bringing  some 
advance  technology  into  the  production  state.  He  cited  fuelinjec^on 
uid  electnmie  ccmtrols,  diesel  engines,  and  stratified  charge  engines. 
What  do  you  think  of  that  kind  of  statement  ? 

Mr.  T^t.  I  think  the  foreign  situation  is  completely  different 
from  what  we  have  in  the  United  States.  In  the  Uni^  States  we  are 
essentially  a  mass-producing  and  mass-selling  industry.  When  we 
nu^  an  important  change  t^ch  applies  to  all  of  oar  cars  we  have  a 
b^  problem  of  getting  it  mto  production  in  order  to  produce  this  kind 
ox  change  on  all  of  the  cars  we  build.  We  are  also  extremely  sensitive 
to  cost. 

When  we  consider  hew  features  for  our  cars  we  must  evaluate  tlie 
cost  of  these  new  features  versus  the  salability  of  the  product  in  order 
to  satisfy  ourselves  that  the  adcMional  cost  can  be  recovered  from  our 
customers  because  of  the  additi<mal  value  the  customer  perceives  in 
these  features.  The  fact  remains  that  a  great  deal  of  the  innovations 
such  as  fuel  injection,  stratified  charge  engines,  and  so  <m  are  costly 
items.  And  the  custtuner  does  not  perceive  these  features  as  being  worth 
an  additional  $50  or  $100,  or  whatever  the  cost  might  translate  out  to, 
in  the  car  he  buys. 

So  the  U.S.  manufacturer  does  not  introduce  such  features  into  his 
car  until  he  can  sell  them  in  the  open  marketplace.^ 

On  the  other  hand  the  foreign  manufacturer  is  only  sellii^  a  rela¬ 
tively  anall  amount  of  cars  in  this  country.  So  he  has  an  entirely  dif¬ 
ferent  problem.  He  is  trying  to  get  penetration  to  sell  some  cars.  If  he 
is  selling  10,000  cars  in  this  country  and  he  doubles  his  penetration  be¬ 
cause  of  some  feature,  he  has  done  very  well.  The  feature  has  more  than 
just  justified  itself  in  his  view. 

Mr.  SraciNOTOir.  Have  you  done  similar  tests  yourself  here? 

Mr.  Terrt.  In  many  places  he  has  done  it  in  the  particular  nmrket  he 
is  already  in  so  that  he  can  offer  the  feature  in  this  country.  It  is  mostly 
on  small  cars  that  the  feature  com^  to  be  an  ectmomical  thing  to  do. 

Mr.  SyanNOTON.  I  would  think  the  unit  cost  would  be  far  iii^er  if 
the  foreign  manufacturer  did  it  just  to  penetrate  our  mark^  Ifnecan 
do  that,  toen  wly  in  the  world  can’t  we  do  it  ? 

Mr.  'TomT.  ELe  is  selling  a  different  size  car  also,  which  makes  it  an 
entirely  different  situation.  We  were  discussing  disk  brakes,  for  ex¬ 
ample.  We  have  had  disk  brakes  on  cars  in  this  country  for  many  years 
and  the  principle  of  the  disk  brake  is  not  new. 

But  the  fact  remains  that  disk  brakes  have  a  cost  penalty  over  the 
drum  brakes.  They  are  on  our  care  in  very  hi^  volume  now_  prin¬ 
cipally  because  tHey  are  required  by  the  Aule  requiremojts  in  the 
Bafety  standards.  But  they  are  really  not  nend^  by  theiciistoiners  in 
nmrmal  usage. 
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Mr.  SraaNGTON.  You  mention  on  page  3  of  vour  rtatemmit  that 
weight  increaaea  due  to  safety  r^^i^tiona  are  partly  responsible  tor  the 
eroeien  of  fuel  economy.  That  brings  up  a  very  important  point  Are 
thm  wei|^  increases  due  to  new  Gmds  of  bumpers  or  structural  re- 
quirementsf 

Mr.  Tbsbx.  Bumpers  are  certainly  an  important  part  of  it  Th^  are 
adding  iwproximately  100  pounds  to  the  average  car  weight  We  ^^re 
that  au  the  equipment  put  on  the  car  to  meet  the  safety  and  emission 
requirements  ccnnbined  have  added  somewhere  between  300  and  400 
ponnds  to  the  average  car. 

Mr.  SxicureTON.  You  are  taking,  as  a  point  of  departure,  a  car  of 
what  weight? 

Mc^  XimT.  We  are  talking  about  a  1965  prer^ulation  car  not  hav¬ 
ing  these  features  required. 

Mr.  Stminoton.  In  other  words  you  would  not  add  300  pounds  to 
the  lightest  ear?  Would  it  be  the  heaviest  or  the  medium  size? 

Trrt.  That  is  then  the  average.  You  do  have  the  problem  you 
point  oivt  th^  the  passage  of  time  al<me  would  probably  have  caused  an 
effect  OB  weight  regardless  of  regulations. 

What  we  have  tried  to  indicate  is  the  weight  in  the  car  we  have  now 
which  we  feel  is  due  to  safety  and  emissum  regulations  and  which 
would  not  otherwise  be  in  there  had  it  not  been  required. 

Sthinoton.  The  argument  has  been  made  in  previous  testimony, 
or  it  has  been  suggested,  that  perhaps  we  should  build  smaller  and 
lighter  Init  stronger  cars.  For  example,  I  think  a  couple  of  Japanese 
manufacturers  dranonstrated  over  at  the  DOT  a  few  months  ago  two 
cars  wUch  they  are  now  testing  here  which  they  said  would  withstand 
a  50-mile-per-hour  crash.  They  were  qmte  small  cars.  Are  you  working 
on  that  kmd  of  thing  and  what  does  ^t  do  to  the  assumptions  which 
are  contained  in  your  statement  about  safety  ? 

Mr.  Tebrt.  As  fas  as  we  know,  the  Japanese  cars  you  refer  to  did  not 
actually  meet  the  rMuirements  for  the  people  to  survive  in  the  car.  One 
of  the  problems  wiw  crash  safety  is  that  we  have  to  provide  crash- 
ability  in  the  car  in  order  to  cu^on  the  shock.  This  means  t^t  a 
front  end  which  crashes  like  an  accordirai  is  actually  very  ^>od  as  far 
as  having  the  occupants  of  the  car  live  through  the  crash.  making 
a  car  strong,  and  only  making  it  strong,  does  not  make  it  safe.  It  can 
actualW  make  it  less  safe. 

Mr.  Sti^otok.  Where  does  the  air  bag  fit  into  this  picture?  Or  other 
forms  of  internal  protection?  Thia  Japanese  car  was  like  a  wcrnib 
practically.  I  have  never  seen  so  much  padding  in  my  life. 

Mr.  TiaaT.  The  passenger  restraint  i^stem  is  pr^bly  the  most 
important  part  of  insuring  occupant  aafebj  in  a  crash.  The  air  bag 
system  is  an  air  cushi<Mi  which  pops  out  at  the  occupant  after  the 
crash  has  taken  place.  It  cushions  his  shock  if  it  is  out  in  time  and 
does  its  job  the  way  it  is  intoided.  By  cushioning  the  shock  of  the 
occupant  merting  the  interior  of  the  car,  the  so-caUed  secmid  crash  is 
greatly  eased. 

On  the  other  hand,  a  superior  restraint  system  would  be  one  which 
instead  of  having  the  cushion  jump  out  at  the  occupant  would  restrain 
the  occupant  in  his  seat.  Such  systems  have  been  worked  out.  In  fact, 
there  is  an  inflatable  belt  system  that  one  of  the  suppliers  have  done 
some  devdoiunerh  work  on  which  locdcs  like  an  orainary  lap  and 


2S5 


shoulder  belt— b«t  in  a  crsirii  of  a  nven  magnitude  the  belt  qrstun 
inflates  very  am<^y  and  does  not  ulow  the  driver  or  the  occuput 
to  move.  In  toAt  reject  it  is  a  better  restraint  ^stem  than  having 
something  pop  oat  of  a  car  and  try  to  cushiim  the  occupant.  Plus  or 
course,  it  restrains  in  many  other  kinds  of  crashes  also. 

l(br.  Stminotok.  Can’t  we  say  at  this  point  that  the  weight  of  the 
vehide  alwis  should  not  be  depended  upcm  for  safety.  Everybody 
knows  that  if  a  Cadillac  hits  a  Volkswagen  it  is  rather  unfortunate 
for  the  Vdkswagen.  But  isn’t  it  reasonabfe  to  hope  that  at  scnne  point 
most  cars  can  be  small  enoiwh  so  that  when  they  impact  there  is  not 
a  tremendous  advantage  ox  one  over  the  other.  Do  you  have  any 
thoughts  <m  that? 

Mr.  Tebet.  Mr.  Chairman,  I  certainly  think  we  must  aim  for  lighter 
and  more  effici^t  cars  and  that  we  can  attain  a  greater  degree  of 
safe^  with  lighter  and  more  efficimt  cars. 

However,  mere  is  no  getting  around  the  fact  that  with  a  given 
degree  of  safety  in  a  car,  assuming  that  you  have  dime  as  well  as  you 
can  possibly  do  with  that  ear,  if  and  you  want  to  increase  the  degree 
of  safety  in  the  car  in  a  crash,  you  are  gmng  to  have  to  add  wdght. 
^  the  problem  with  regulations  which  circumscribe  everything  we  do 
is  that  we  have  to  make  some  undesirable  tradeoffs  many  times  to  meet 
those  regulations. 

Mr.  SnaNOTON.  Mr.  Downing. 

Mr.  Downing.  Thank  you  Mr.  Chairman. 

I  think  you  have  made  a  very  and  interesting  statement  Mr. 
Terry.  I  take  it  you  support  the  bill  ? 

Mr.  Tmtar.  Yea 

Mr.  Downing.  I  have  a  great  sympathy  for  the  automobile  indust^. 
On  the  one  hand,  you  are  ordered  to  put  all  of  these  antipollution 
devices  on  your  carSj  and  the  same  people  order  you  to  get  better  fuel 
ectmomy.  ^mehow  it  seems  strange  to  me  that  £PA  has  the  authority 
to  order  better  fuel  economy.  I’m  glad  they  do  bnt  whore  does  that 
authority  cmne  from  ? 

Mr.  'ramT.  If  I  may  say  so,  I  do  not  believe  that  EPA  has  the 
authority  to  regulate  fuel  economy.  In  fact,  I  don’t  believe  aiwone 
has  the  authority  to  actually  regulate  fuel  eccmomy  as  of  now.  EPA 
now  has  what  they  call  a  voluntary  fuel  economy  labeling  progr^ 
which  they  introduced  for  last  year’s  cars,  that  is,  1974  cars,  which 
most  of  the  industry  is  woiting  with.  They  are  seeking  to  extend  that 
voluntary  labeling  program  with  some  additional  information  for 
next  year’s  cars. 

Mr.  Stmington.  They  are  really  trying  to  make  more  palatable 
their  own  stringent  emission  requirements  by  assisting  in  coping  with 
the  evolving  p^lem  of  loss  of  fuel  econwny.  Also,  they  have  to  try 
somehow  to  justify  themselves  to  the  public  which  is  ^ting  rather 
restless  with  the  demands  of  the  auto  emissions  systems  and  its  effect 
on  fuel  economy.  Isn’t  that  part  of  the  reason  why  they  got  into  this 
thii^  ^ing  they  will  look  at  fuel  economy  too  ? 

Sfc  iWrr.  There  could  be  many  reasons  why  they  got  into  it.  But 
one  thing  I  think  the  committee  would  be  interests  in  knowing  is 
that  for  next  year’s  program  they  intend  to  introduce  another  fi^re 
for  fuel  economy  which  will  be  the  results  of  measnri^  the  fuel 
economy  on  about  a  50-mile-per-hour  average  speed  test.  'Aat  figure 
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will  look  about  50  percent  better  as  as  miles  per  gallon  are  con¬ 
cerned  than  the  much  lower  fi^re  resulting  frtMn  the  fuel  ec<momy 
measures  daring  the  EPA  emission  cvcle  test. 

Mr.  Dowkhto.  Have  you  been  ordered  to  improve  the  fuel  economy 
of  your  cars? 

Mr.  Tbbrt.  We  have  not  exactly  been  ordered.  But  we  have  been 
told  it  is  very  important  and  unless  we  do  everything  we  can  to 
improve  the  niel  econmny  somebody  will  pass  a  Uiw.  We  have  been 
t<dd  thi^  several  times,  t  would  like  to  point  out  to  the  committee 
that  it  is  very  difficult  for  individual  manufacturers — and  the  only 
WKy  we  can  operate  is  as  an  individual  manufacturer — to  make  any 
kind  of  commitment  as  to  what  we  are  going  to  do  to  improve  fuel 
economy. 

Our  primary  job,  the  Chrysler  Corp.  engineers,  is  to  engineer  cars  we 
can  sell  to  the  public  (^gainst  the  cars  of  our  competitors.  This  means 
if  we  do  sometning  which  improves  fuel  economy  to  our  car  but  makes 
it  run  so  that  it  won’t  get  out  of  ite  own  way  at  a  traffic  ligh^  which  is 
one  alternative  we  have  which  will  improve  fuel  economy,  if  we  were 
to  design  such  a  car  we  wouldn’t  be  able  to  sell  it.  So  no  matter  how 
good  our  face  might  lode  in  improving  fuel  ecemomy,  if  we  cannot 
sell  them  then  you  can  forget  all  the  rest. 

Mr.  Downing.  Tell  me  something  about  unleaded  gasoline  and  the 
effects  on  the  automobile  industry.  Is  there  a  requirement  for  the  use 
of  unleaded  gasoline  ? 

Mr.  Thiht.  There  is  a  requirement  put  forth  by  that  requires 
gasoline  stations  which  sell  more  than  a  certain  number  of  gallons 
per  month  to  carry  unleaded  gasoline  and  have  it  available  for  sale. 
The  reasem  EPA  came  out  wito  this  requirement  was  because  most  of 
the  automotive  manufacturers  have  had  to  go — or  have  elected  to  go — 
to  the  use  of  catalytic  converters  in  order  to  meet  the  strict  emission 
standards  required  by  the  Federal  interim  standards  for  1975  cars 
idiich  are  also  put  forto  by  EPA. 

Interestingly  enough  when  EPA  put  forth  these  Federal  interim 
standards  they  put  out  two  sets  of  numbers.  One  set  they  put  out  for 
the  country  as  a  whole  expect  fw  California.  They  said  we  ar 
this  set  of  numbers  such  that  we  think  the  industry  can  meet  that 
standard  without  catalytic  converters.  But  we  are  going  to  have  a  more 
stringent  set  of  numbers  for  the  >State  of  California  that  will  require 
the  use  of  c<niverters  in  California.  Thereby  we  will  assure  a  gradual 
tranation  to  catalysts  because  we  will  start  in  California  and  then  it 
will  be  simpler  to  apply  it  to  the  rest  of  the  country.  At  that  time  they 
foresaw  the  problems  which  might  arise  from  going  to  catalysts  and 
lead-free  gas  on  a  countrywide  b^s. 

Unfortunately,  EPA  guessed  wrong  as  far  as  the  levels  which  could 
be  met  without  catalysts  m  the  rest  of  the  country. 

It  now  toms  out  that  mo^  of  the  manufacturers  are  going  to  have 
catalysts  on  most  of  their  cars  nationwide  next  year.  This  means  lead- 
free  gas  will  have  to  be  available  to  service  all  of  those  cars.  If  a  very 
much  leaded  gas  is  put  into  a  car  with  a  catalyst  the  catalyst  gets 
dammiied  and  some  of  the  damage  to  the  catalyst  is  permanent.  So 
actmuiy  you  will  have  to  use  lead-free  gas  in  next  year’s  cars  if  you 
want  to  maintain  catalyst  efficiency  and  maintain  the  low  emissions  the 
car  is  designed  and  built  to  achieve. 


257 


Mr.  Downing.  How  much  have  all  of  these  requirements  increased 
costs  ?  Do  you  have  a  figure  on  that  ? 

Mr.  Temy.  Yes,  sir. 

Up  throu^  1974  oars  the  total  cost  of  our  safety  improvements  have 
been  $344. 

Mr.  Terry.  The  emission  requirements  were  an  additional  $90  I 
believe. 

For  next  year’s  cars  the  emissions  requirements  will  catch  up  with 
the  safety  requirements  as  far  as  total  cost  is  concerned  because  there 
will  be  another  $200  ap^roximatelv  added  to  next  years’  cars  for  the 
catalyst  systems.  This  will  bring  the  emission  total  up  to  something 
like  $290. 

Mr.  Downing.  A  total  of  $500  or  $600  ? 

Mr.  Terry.  Well  over  $600  for  next  year’s  cars. 

Mr.  Downing.  Is  the  day  of  the  big  car  over  ? 

Mr.  Terry.  I  don’t  believe  so,  Mr.  Downing.  As  I  indicated  earlier, 
we  will  try  to  satisfy  our  customers  as  best  we  can  as  to  size  of  cars, 
fuel  economy,  performance,  and  all  of  the  other  things  going  with  it. 
I  think  that  big  cars  will  be  less  of  a  factor  in  the  future.  Because  of 
the  increasing  importance  of  fuel  economy,  overall  big  cars  I  think  will 
take  less  of  the  total  pie.  However,  I  still  think  there  will  be  a  substan¬ 
tial  number  of  people  in  this  country  who  will  want  the  nice  things 
which  go  with  bi^ars  for  the  foreseeable  future. 

Mr.  I)owNiNo.Thank  you  very  much. 

Mr.  Symington.  Thank  you. 

Mr.  Brown? 

Mr.  Brown.  Thank  you,  Mr.  Chairman. 

Mr.  Terry,  I  would  like  to  state  initially  that  I  have  found  your 
testimony  to  be  extremely  helpful.  It  is  a  very  good  statement.  As  a 
matter  of  fact,  I  was  a  little  surprised  that  it  went  as  far  as  it  did  in 
supporting  this  legislation,  which  I  had  expected  to  be  opposed  by  the 
industry  to  some  degree.  I  want  to  tell  you  that  I  am  very  pleased  with 
what  you  have  to  say  here. 

Mr.  Terry.  Thank  you,  sir. 

Mr.  Brown.  Your  company  of  course  has  had  extensive  ex\>erience 
in  working  with  NASA,  if  I  am  not  mistaken  ? 

Mr.  Terry.  Yes,  sir. 

Mr.  Brown.  It  was  a  major  contractor  in  the  space  field,  and  you  are 
accustomed  to  a  working  relationship  with  NASA  which  allows  you,  as 
a  private  company,  to  do  the  things  you  can  do  best  and  NASA  to  do 
the  things  they  can  do  best.  I  presume  you  have  had  some  differences 
and  disagreements.  But  overall  I  would  gather  that  the  relationship 
has  worked  out  satisfactorily ;  is  that  true  ? 

Mr.  Terry.  Yes,  sir. 

We  have  a  fine  record,  we  feel,  working  on  the  space  program  start¬ 
ing  with  Redstone  and  going  all  the  way  up  today,  we  have  worked 
with  NASA  on  various  kinds  of  ^ace  and  defense  programs. 

Mr.  Brown.  Is  your  company,  amongst  the  Big  Four  automobile 
companies,  predominant  in  working  with  NASA?  That  is,  does  the 
contracts  your  company  has  had  exceed  those  of  the  other  companies? 

Mr.  Terry.  I  cannot  answer  that  for  sure,  but  I  would  be  happy  to 
submit  a  statement.  I  really  do  not  know  the  magnitudes  of  the  pro¬ 
grams  of  our  competitors  within  the  .space  program. 
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Mr.  Brown.  I  don’t  have  the  figures  either,  but  I  thought  maybe  this 
was  common  knowledge  within  the  industry. 

Mr,  Terry.  No. 

Mr.  Brown.  Of  course,  it  is  only  realistic  to  recognize  that  dealing 
with  the  space  program  you  have  one  kind  of  an  animal  in  which  the 
market  is  the  government  and  in  dealii^  with  commercial  transpor¬ 
tation  you  have  another  kind  of  animal  in  which  the  public  is  the  cus¬ 
tomer.  And  the  working  relationships,  insofar  as  NASA  is  involved 
would  have  to  be  scrutinized  much  more  carefully.  I  think  that  is  a  safe 
^t^ent  to  make.  We  have  had  other  witnesses  who  have  testified  to 
the  value  of  the  research  work  done  in  the  NASA  laboratories.  You 
mentioned  Lewis,  I  believe? 

Mr.  Terry.  Yes. 

Mr.  Brown.  And  other  witnesses — I  recall  one  from  a  small  com¬ 
pany  developing  steam  power  for  automobiles — ^testified  that  the  work 
of  Lewis  either  had  been  or  could  be  of  extreme  value  to  them  in  de¬ 
velopment  of  materials  which  would  resist  higher  temperatures  and 
pressures  and  so  forth. 

Could  you  offer  to  the  committee  some  suggestions  as  to  the  proper 
spheres  of  Government  research,  and  private  development  and  produc¬ 
tion,  could  be  delmeated  so  that  we  would  not  run  into  this  criticism 
that  Government  is  infringing  upon  the  prerogatives  of  private  indus¬ 
try  or  vice  versa. 

Mr.  Terry.  Of  course,  that  is  difficult  to  do  but  they  are  doing  quite 
a  bit  of  work  now  that  we  feel  would  be  helpful  to  us,  as  we  pointed 
out  in,  the  testimony,  on  things  like  blade-shape  for  better  flow  through 
turbines.  We  mentioned  improved  materials.  If  we  can  increase  the 
operating  temperature  inside  the  turbine  we  can  improve  the  fuel 
economv  significantly  for  each  100®  we  can  increase  the  temperature. 
So  anything  that  can  be  used  in  devleoping  materials  would  ^  helpful. 

Mr,  Brown.  Obviously  this  is  the  sort  of  thing  that  the  scientists 
and  laboratories  of  NASA,  have  worked  on  which  could  be  a  very  great 
benefit.  We  cannot  spell  out  legislation  that  they  will  just  work  on  tur¬ 
bine  blades,  but  we  have  to  establish  some  general  guidelines  which 
will  reassure  the  industry  and  the  public  and  the  Members  of  Congress 
particularly.  Very  fmakly,  I  think  that  the  indust^  is  the  party  most 
concerned  and  it  ought  to  have  a  significant  voice  in  determining  iust 
where  NASA  could  be  helpful  and  where  they  would  be  infringing. 

Mr.  Terry.  Mr,  Huebner  would  like  to  say  something  about  that. 
But  before  he  does,  I  would  like  to  say  that  as  far  as  we  are  concerned 
at  Chrysler,  I  do  not  think  anyone  will  be  stepping  on  our  toes  or  in- 
frii^ing  on  our  rights  or  pren^tives  if  they  come  up  with  a  letter 
engine  which  is  nonpolluting,  c^n,-and  all  the  rest.  We  want  to  see 
the  problem  solved.  We  certainly  are  not  going  to  take  a  position  that 
we  are  against  anyone  else  worKing  on  the  problem.  We  need  all  the 
help  we  can  get.  Our  work  and  successful  cooperative  ventures  with 
NASA  in  the  defense  area  is  such — I  have  read  the  testimony  that 
they  gave  before  your  committee  a  month  ago - 

Mr.  Brown.  In  February. 

Mr.  Terry.  We  agree  with  the  approach  they  will  take  the  way  we 
feel  about  it  is  we  work  it  out  as  we  go  along  because  they  won’t  go 
into  some  backroom  and  start  to  work  on  research  while  we  are  in 
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some  backroom  working  on  research.  We  will  talk  to  each  other  about 
what  we  are  doing  and  do  it  in  a  cooperative  sense. 

Mr.  Brown.  I  think  your  good  relationship  with  NASA  has  given 
you  a  confidence  which  perhaps  is  not  sharM  by  those  who  do  not 
understand  the  pattern  your  company  has  develops  with  NASA  over 
the  years.  To  take  an  extreme  example,  there  might  be  some  people 
who  would  fear  that  giving  NASA  an  authorization  to  work  on 
ground  propulsion  ^tems  mi^t  mean  that  they  would  be  out  with  a 
production  line  producing  motors.  Obviously,  we  do  not  want  that  to 
happen,  yet  we  do  want  them  to  be  able  to  develop  sub-systenm  or  maybe 
even  prototype  engines  which  could  demonstrate  whether  or  not  they 
have  got  the  problem  solved. 

Mr.  TzstRT.  Yes,  sir.  I  think  we  have  an  example  of  this  in  our  testi¬ 
mony  today  too — ^your  Honda  has  this  thing  all  solved.  They  have 
an  engine  they  will  use  which  is  lower  in  pollution  and  so  on.  We  say 
OKj  we  will  work  with  Honda.  We  made  an  agreement  and  got  the 
engme.  They  don’t  have  the  pn^lem  solved  at  all  for  us,  but  they  have 
taken  some  important  steps.  So  we  are  trying  to  see  ii  we  can  work 
with  Honda  and  take  what  they  have  done  and  apply  it  to  our  size 
engines  for  onr  cars  and  make  something  out  of  it.  We  nave  a  coopera¬ 
tive  arrangement  with  Honda.  They  did  a  lot  of  work.  First,  they 
went  so  far  as  to  build  an  enmne.  If  NASA  builds  an  engine  that  gets 
low-pollution  and  so  on  and  they  say  OK  here  is  an  engine  with 
these  characteristics,  fine,  we  would  welcome  such  an  opportunity  to 
work  on  it  and  see  if  we  could  apply  it  and  develop  it  further. 

Mr.  Brown.  I  didn’t  mean  to  cut  off  Mr.  Huebner. 

Mr.  HtTEBNER.  Mr.  Brown,  I  believe  my  personal  friendship  with 
NASA  goes  back  to  the  beginning  of  World  War  II.  When  the  Lewis 
research  labs  were  built  I  was  a  member  of  a  committee  at  that  time 


which  reviewed  what  they  were  doing,  how  they  were  doing  it,  their 
approaches  to  the  powerplant  problem,  and  so  on. 

Now  aircraft  powerplants  and  automotive  powerplants  are  funda¬ 
mentally  the  same  type  of  powerplants.  They  are  fuel-burning  engines 
and  heat  engines.  And  the  same  principles  are  involved  in  the  auto¬ 
motive  field  as  they  are  in  the  aircraft  field.  There  are  great  differences 
in  the  requirements  of  the  powerplants.  There  are  great  differences 
in  the  way  things  have  to  be  done.  But  nevertheless,  the  principles 
remain  the  same.  And  over  the  years,  particularly  at  the  Lewis  labora¬ 
tories  which  I  am  most  familiar  with,  although  I  am  familiar  with 
the  rest  of  them,  starting  with  NACA  and  then  NASA,  the  Lewis 
laboratories  have  developed  a  pattern  of  cooperation  which  is  largely 
what  the  statement  talked  about.  In  other  words  the  application  of 
scientific  principles  to  advance  the  understanding  of  the  state  of  the 
art.  This  has  been  very  productive.  It  has  been  particularly  produc¬ 
tive  in  the  aircraft  industry  and  in  aircraft  powerplants.  We  do  build 
the  best  aircraft  powerplants  in  the  world.  There  is  no  question  about 
it.  Much  of  that  is  due  to  the  pattern  of  operation  which  was  worked 
out  with  the  Lewis  laboratories. 


Now,  they  do  not  build  powerplants  themselves,  but  they  show  the 
way  it  can  lie  done. 

Mr.  Brown.  To  our  knowledge,  has  there  ever  been  any  major 
problems,  as  far  as  JLewis  and  the  aircraft  industry  is  concerns,  about 
their  roles  in  developing  the  best  aircraft  engine  in  the  world? 
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Mr.  Hvebnsb.  Not  to  my  knowledge,  and  we  were  in  the  aircraft 
engme  business  too  for  many  years.  Not  to  my  knowledge  has  that 
suokct  ever  been  really  diKu^ed. 

Bbown.  Let  me  go  into  a  couple  of  other  points — do  not  want 
to  too  much  of  your  time.  Let  me  go  haw  to  the  question  the 
chairman  raised  earlier  having  to  do  with  the  level  of  your  expendi¬ 
tures  in  various  aspects  of  research  with  re^rd  to  engines.  I  am  not 
gmng  to  ask  you  to  provide  information,  but  in  our  February  hearings 
we  elicited  cmnperative  information  which  is  shown  on  page  103,  of 
the  hearings  dealing  with  the  resources  expended  for  ^nission  control, 
alternative  powerplant  research,  etc. — I  think  you  have  the  document 
before  you.  You  mention,  for  example,  a  figure  of  $3.9  million  for 
1973  whereas  the  table  shows  3.5  which  might  merely  reflect  that 
you  increased  ^ur  level  of  e^enditures  ? 

Mr,  Tebrt.  That  is  right,  "[niat  was  an  estimate  and  now  we  have  the 
final  figvures. 

Mr.  Baowx.  Bmht.  I  would  like  to  ask  if  you  could  provide  for  the 
committee  an  imdating  of  all  of  the  figures  ^ven  in  this  table  and  if 
it  is  possible  if  you  could  indicate  any  prelections  you  would  have 
for  the  next  year  or  two  as  to  the  amount  your  company  will  be  ex- 
pendiim  in  these  various  categories. 

Mr.  'ftiianr.  We  will  be  glaoto  do  that. 

[Above  requested  information  will  be  available  from  committee 
files.] 

Mr.  Browk.  I  think  all  of  the  members  are  concerned  about  the 
problern  created  by  NO*  standards.  Of  course,  it  is  apparent  that 
there  will  be  some  efforts  to  adjust  these  standards  perhaps  during 
this  year  to  a  figure  which  you  describe  as  more  realistic. 

You  suggest  that  the  2-gram-per-mile  standard  would  solve  a 
lot  of  your  problems  I  wanted  to  raise  the  question  as  to  whether  or 
not  a  1-gram-per-mile  standard,  which  would  represent  a  substantial 
easing  of  the  standards,  would  make  a  major  difference,  or  do  you  feel 
that  2  is  the  magic  number  here  ? 

Mr.  Terry.  Mr.  Brown,  when  we  get  down  to  two  we  have  already 
sacrificed  some  possible  efficiencies  which  we  do  not  know  how  to 
get  back.  When  we  go  below  two,  the  sacrifices  get  to  be  very  painful. 

Mr.  Brown.  There  must  be  some  sort  of  a  curve. 

Mr.  T^aaiT.  There  is. 

Mr.  Hpebner.  Let  me  quote  something  you  will  find  rather  shock¬ 
ing.  We  talked  about  theTCCS  engine  here.  About  7  months  ago  at 
an  EPA  powerplant  conference  in  Ann  Arbor,  Mich.,  which  is  held 
there  twice  a  year,  the  army,  which  is  also  working  with  the  TCCS 
engine  testified  that  in  order  for  them  to  meet  the  4/10  number  they 
had  to  depreciate  the  basic  fuel  economy  of  a  TCCS  engine  34  percent. 

To  depreciate  it  from  its  b^  fuel  economy  as  an  uncontrolled 
en^ne  to  about  2  grams  per  mile,  you  would  still  have  a  25-percent 
improvement  over  the  piston  engine.  But  if  you  are  going  to  go  down 
to  one,  it  might  drop  off  to  a  10  or  12  percent  advantage  over  the 
ordinary  spark  ignition  piston  engine. 

So  the  sacrifice  from  10  to  25  is  almost  another  25  percent  in  order 
to  go  f  rmn  two  to  one. 

Mr.  Brown.  I  can  see  the  nature  of  the  problem.  We  will  probably 
have  submitted  to  us  a  lot  of  information  dealing  with  the  relative 
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penalties  associated  with  it  It  ultimately  gets  down  to  T>oliti(^  judfi;- 
ment  I J^ess  on  the  part  of  the  Congress  as  to  where  they  set  it 

Mr.  Terry,  I  am  intruded  by  your  position  as  vice  presidmit  for 
public  responsibility  and  crmsumer  affairs.  Is  that  a  recent  position 
created  in  the  corporation  or  is  it  of  long  striding? 

Mr.  Teny.  It  is  not  a  recent  position.  I  reported  to  a  vice  president 
with  that  title,  Mr.  Byron  Nichols  and  I  had  the  title  of  vice  jMesident 
of  safety  and  envittmmMital  r^ations.  Mr.  Nichols  is  retiring  so  I 
took  over  his  title  and  responsibilities  with  some  additional  personnel 
and  offices.  I  am  still  carrying  on  what  I  was  doing  before. 

Mr.  Bbown.  I  am  sure  vou  are  aware  that  the  automotive  indust^ 
as  a  whole  revives  a  good  deal  of  criticism,  which  yon  may  feel  is  in 
large  part  unjustified,  for  its  failure  to  solve  some  of  these  pressing 
nationU  problems.  You  have  been  blamed  for  both  the  envinmmentiu 
condition  of  the  country  and  for  the  fuel  crisis  and  a  lot  of  other 
things.  Your  burden  will  beo(»ne  very  heavy,  I  think. 

N&.  Tebbt.  Congrespnan  Brown,  I  was  hoping  that  it  wouldn’t  get 
any  heavier.  I  can’t  think  of  any  ill  we  have  in  t^  country  that  auto- 
mwiles  don’t  seem  to  be  blamed  for.  Hurriedly  looking  over  yester¬ 
day’s  testimony,  the  industry  seemed  to  be  painted  in  a  bad  light. 
Aim  with  stat^ents  which  could  not  possibly  be  backed  up  or  proven 
because  they  are  just  not  true.  I  wonder  why  somebody  from  the  com¬ 
mittee  and  odier  places  in  Congress  doesnx  some  day  stand  up  and 
ask  s<Hne  of  these  critics  how  they  can  justify  smne  of  these  statemoits 
which  are  made. 

Mr.  SnuxoTON.  Would  you  be  good  enough  to  mark  those  and  sub¬ 
mit  for  ihe  record  the  unsubstantiated  statements?  We  do  not  have  a 
great  deal  of  time  to  pursue  this  at  this  time. 

Mr.  Bbowx.  I  understand,  Mr.  Chairman. 

Mr.  Sthixotok.  I  am  very  hopeful  we  can  do  that. 

Mr,  Bbowx.  We  would  uke  to  have  that  information,  Mr.  Terry. 
I  can  tell  you  that  I  have  been  guilty  of  some  of  these  criticisms  m3?8wf 
and  I  will  continue  to  be  critical  of  the  industry,  just  as  I  expect  you 
to  be  critical  of  Omgress.  But  I  think  the  real  problem  is  that  we 
have  different  definitions  of  public  responsibility.  This  is  why  I 
focused  on  your  title.  There  are  th(«e  who  claim  that  the  automcmile 
and  its  repercussions  in  our  society  is  the  root  of  all  evils.  You  n^ht 
be  interested  in  reading  a  very  recent  book  by  Ivan  Hlic^  entitled 
‘^Energy  and  Equity,”  which  deals  with  the  subject.  He  is  a  noted 
critic  and  philosopher.  He  first  aimed  his  criticism  at  the  church  and 
the  school  system  and  now  he  is  analyzing  the  automobile  industry. 

Mr,  Tebbt.  Wait  until  he  gets  to  Congress.  [Laughter.] 

Mr.  Stmixotox.  There  are  scune  things  that  are  really  too  sacred. 
[Laughter.] 

Mr.  Bbowx.  He  does  suggest  very  strongly,  Mr.  Terry,  that  we 
would  be  better  off  if  we  went  back  to  a  bicycle.  There  is  a  good  deal 
of  support  f OT  that  in  the  countiy  today. 

Mr.  Stmixotox.  People  like  Schwinn  1  [Laughter,] 

Mr.  MUford* 

Mr.  Miuobd.  Would  you  be  willing  to  let  me  sulunit  scnne  questicms 
to  you  by  mail  to  be  included  in  the  record  ? 

Mr.  'naanr.  Yes. 

Mr.  Mujobd.  I  ask  unanimous  consent  they  be  inserted  in  the  record. 

Mr.  Stmixotox.  It  is  so  ordered. 
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Chktbub,  Inc., 

Junet8,im- 

Mr.  VKkmt  B.  HtmtTtj.,  jr., 

CotMiM^  Committee  om  Setmee  and  AstnmauUet,  Eoate  of  Bepretentatives, 
Suite  SS3S1,  RapPum  Eou$e  OUkoe  BuUding,  Wathinpton,  D.O. 

Bean  Mb.  Hauuxix:  Thla  Is  In  response  to  your  recent  letter  of  June  17 
requesting  answers  to  tbe  adldtlonal  questions  submitted  by  Congressman 
Brown  of  California. 

In  teq^<Miae  to  questimia  1  and  2.  the  sacloaed  aittachment  updates  Cbrysler 
Corporation’B  r^^  on  the  dollar  resources  and  professional  technical  man 
years  for  em^on  control  for  the  calendar  years  1970  through  1974. 

Question  3. — ^We.  do  not  have  i^pedflc  mileage  goals  for  each  rehlcle  we 
market.  Because  the  stringency  of  the  emissions  control  standards  our  first 
objective  must  be  to  make  our  migines  meet  those  requirements.  After  we  have 
devdigted  the  basic  emlssjoiw  aystmns  to  meet  those  requirements,  we  then  mi- 
gineer  the  best  fuel  economy  we  can  into  each  vehicle-engine  combination. 
As  1  indicated  in  my  prepaid  testimony  "it  is  unfortunately  true  that  these 
two  Oldectlves  (reducing  undesirable  exhaust  emission  and:  improved  engine 
eflicleney)  are  sometimes  counter  to  each  other  by  natural  laws  which  we  can 
only  try  to  circumvent  but  which  we  cannot  change.” 

Question  4. — ^When  we  design  a  new  model  we  establish  weight  targets  for 
the  vehicle.  We  carefully  track  the  weight  of  the  vehlrie  through  its  design 
and  devekq>ment  program  to  make  sure  we  are  on  target.  During  this  develop- 
moit  period  we  also  periodically  consider  whether  there  are  any  major  changes 
that  could  be  made  to  substantially  reduce  its  weight.  In  addition,  of  course, 
our  engineers  continuously  look  at  the  componmits  in  all  of  our  models  with 
the  view  toward  reducing  the  weight  of  individual  parts  and  assemblies  by  sub¬ 
stitution  of  lifter  materials,  product  simplification,  and  other  changes. 

Question  S.— One  of  the  major  restraints  on  future  development  of  stratified 
charge  engines  is  the  stringency  of  future  emission  control  roqnlrements,  e^ie- 
cially  the  NOx  requirements. 

As  Mr.  Huebner  and  I  Indicated  in  our  testimony  the  more  stringent  the 
c<mtrol  of  KOx  cequlted,  the  zbok  drastically  it  deprcKfiates  the  basic  fuel 
economy  of  these  enginee.  Tbe  very  stringent  controls  currently  required  by 
law  for  1977  and  later  model  engines  constitutes  a  major  deterrent  to  further 
development  of  stratified  charge  engines  since  their  fuel  econinny  at  that  control 
level  would  be  very  poor.  In  addition,  as  I  Indicated  in  my  testimony,  the 
stratified  charge  principle  has  not  yet  been  adapted  to  larger  engines  for  TJ.S. 
slae  csrs.  Trying  to  apply  the  stratified  principle  to  larger  engines  requires  a 
delica^u  and  time-consoodiig  development  process. 

Question  6. — ^As  indicated  in  tbe  answer  to  question  5  tbe  currently  specified 
stringent  NOi  control  requirement  Is  a  major  restraint  on  tbe  development  of 
all  the  altematlTe  engine  technologies  discussed  in  our  rtatement.  Consequently, 
we  do  not  foresee  pr^uction  of  new  alternate  power  plants  in  tbe  near  future 
If  the  schedule  of  emission  requirements  remain  at  the  levels  specified  by  the 
current  law. 

Assuming  the  teebmfiogy  of  an  altemative  power  plant  vras  completely  devel¬ 
oped  and  that  it  would  meet  tiie  updated  emissions  requirements  successfully, 
we  estimate  that  a  minimum  of  three  years  would  be  required  for  to«fiing. 
amngmnent  of  manufacturing  fatilities,  etc.  to  phase  it  in  fw  a  porti<m  of 
our  production.  At  least  eight  years  would  be  required  to  convert  our  total 
production  to  a  new  power  plant  after  the  technological  development  is 
completed. 

As  I  indicated  in  my  testimony  we  believe  the  alternative  power  plant  that 
shows  the  most  promise  of  meeting  passenger  car  power  plant  objectives  in  a 
way  which  gives  it  substantial  advantage  over  all  other  power  plants  used  today 
is  the  automotive  gas  turbine. 

(Question  7. — We  cannot  speak  for  the  total  U.S.  auto  industry  but  Chrysler 
Corporation  continues  to  market  the  internal  combustion  engine  in  our  cars 
because  we  believe  It  Is  tbe  best  available  en^ne  for  JJJS.  sis^  cars  and  U.S. 
motoring  conditions.  In  our  opinion,  there  is  still  no  altemative  power  plant 
for  U.S.  size  cars  and  driving  conditions  that  can  compete  successfully  on  a 
cost/pmformance  basis  for  any  givoi  emission  control  level.  As  I  Indicated 
in  my  testimony,  because  of  their  smaller  production  volumes  some  foreign 
car  manufacturers  may  find  it  profitable  to  manufacture  cars  witb  other  power 


plants  and  special  features  whicli  a  very  few  buyers  find  extremely  attractive 
in  order  to  try  to  increase  tbelr  sales  of  cars  in  the  U.S.  and  other  markets. 

Also  attached  is  my  critique  of  some  of  the  testimony  Kixcn  before  the  Science 
aud  Astronautics  Committee,  U.S.  House  of  Bepresentatives,  on  June  11,  1974 
which  was  requested  by  Congressman  Brown,  as  noted  on  page  327  of  the  tran¬ 
sect  as  submitted  to  me. 

Congressman  Brown’s  questions  will  assist 
If  you  have  any  further  questions  we  will 


We  hope  the  above  answers  to 
the  committee  in  its  deliberations, 
be  glad  to  try  to  answer  them. 
Sincerely, 


S.  L.  Tebbt, 

Vice  Pretident,  Public  ReepouHbility 


and  Contumer  Affairs. 


CHRYSLER  CORPORATION 
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CRITIQUE  OF  TESTIMONY  GIVEN  BEFORE  THE  SCIENCE  AND  ASTRONAUTICS 

COMMITTEE,  U.  S.  HOUSE  OF  REPRESENTATIVES,  ON  JUNE  11,  1974 

st-At-amjnt  of  Congressman  George  E.  Brown,  Jr, 

1.  Mr,  Brown:  I  am  somewhat  concerned  that  administrative  questions 
will  obscure  the  facts  that  the  existing  ground  transportation 
system  In  the  United  States  is  near  collapse. 

Comment t  The  existing  ground  transportation  system  in  the  United 
States  is  without  any  question  the  finest  transportation  system 
in  the  world.  There  is  no  substitute  for  transportation  which 
enables  a  person  to  move  from  his  home  (or  wherever  he  is)  to 
trhere  he  wants  to  go  without  having  to  interface  with  other  var¬ 
ious  transportation  modes.  Studies  on  the  cost  per  passenger 
mile  on  various  kinds  of  transportation  provided  by  HUFSAM  bear 
this  out. 

2.  Mr.  Brown:  This  (ground  transportation]  system  is  based  upon 
the  private  automobile,  which  Itself  is  based  upon  the  energy- 
consuadng  and  pollution  plagued  internal  combustion  engine. 

Comment:  So-called  pollution  from  the  present  internal  combus¬ 
tion  engine  has  been  reduced  by  over  70%.  The  air  is  getting 
cleaner  all  the  time. 

3.  Mr.  Brown:  There  is  a  considerable  body  of  thought,  which  I 
share,  that  says  the  existing  structure  of  the  automobile 
Industry  is  so  highly  concentrated  and  anti-competitive  that 
it  is  capable  of  preventing  changes  in  our  ground  transporta¬ 
tion  system  that  are  perceived  as  detrimental  to  the  automo¬ 
bile  industry. 
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Conment:  Far  from  bainq  abla  to  prevent  changes,  the  automo¬ 
tive  industry  is  today  so  subject  to  regulations  from  so  many 
quarters  that  there  is  real  danger  in  having  regulations  con¬ 
flict  to  the  point  where  automobiles  can  no  longer  be  built  to 
Sleet  all  regulations. 

4.  Nr.  Brown:  Even  if  this  is  not  the  case,  there  is  serious 
doubt  that  voluntary  efforts  by  the  automobile  industry  alone 
to  convert  to  an  alternative  technology  would  succeed,  even 
if  such  a  decision  to  convert  was  made. 

I 

Comnent:  The  autoiwAlle  industry  cannot  do  anything  coopera¬ 
tively;  but,  as  a  competitive  auitter,  when  and  if  a  superior 
powerplant  is  demonstrated,  the  first  company  to  convert  will 
benefit  greatly.  If  the  advantages  are  sufficient  as  far  as 
the  public  is  concerned,  the  rest  of  the -industry  will  have  to 
follow. 

5.  Mr.  Brown:  The  effects  of  emissions  was  known  in  the  early 
19S0's,  but  genuine  progress  in  controlling  auto  emissions  did 
not  occur  until  after  passage  of  the  Clean  Air  Act  Amendments 
of  1970. 

Comment:  By  the  time  the  Clean  Air  Act  of  1970  passed,  over 
60%  of  the  emissions  of  HC  and  CO  had  already  been  eliminated 
from  cars  built  in  California  and  future  standards  had  been 
set  by  that  state  that  would  have  accomplished  reductions 
approximately  up  to  the  levels  obtained  in  our  1974  cars. 
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6.  Mr.  Brown:  Th«  progreaa  undar  that  law  haa  now  coiae  to  a  halt 
bacauae  the  Congreaa  aoended  the  law  thla  year  to  freeze  the 
standarda  for  two  yeara.  beginning  thla  Fall. 

Coament:  The  197S-76  standards  are  not  'frozen”  for  two  years 
but  actually  constitute  levels  less  than  half  the  1974  levels 
for  hydrocarbons  and  carbon  monoxide,  aixi  the  levels  of  oxides 
of  nitrogen  are  being  reduced  3St  in  1976. 

7.  Mr.  Brown:  Instead  they  {automobile  industry]  had  to  be  forced 
to  clean  up  their  machines  and  they  may  have  to  be  forced  to 
develop  efficient  machines. 

Conmient:  When  it  comes  to  anti-pollution  devices,  performance 
regulations  are  required  since  low-pollution  cars  cannot  be 
sold  for  a  premium  price  to  the  public  against  cheaper  but 
higher  pollution  cars. 

8.  Mr.  Brown;  The  impact  of  the  automobile  upon  the  American 
economy  is  too  pervasive  and  too  important  to  trust  the  future 
of  our  Nation  to  the  decisions  made  in  Detroit. 

Comment;  The  decisions  are  being  made  in  Washington  as  to  the 
performance  levels  required.  Detroit  should  and  will  make  the 
decisions  necessary  to  reach  those  levels  at  the  lowest  possi¬ 
ble  cost  to  the  consumer. 


269 


-4- 


Stat«‘"^nt  of  ConqreBBman  Charles  A.  Vanik 

1.  Mr.  Vanik:  Today,  hydrogen  can  generally  only  be  obtained  by 
the  expenditure  of  a  large  amount  of  energy.  But  in  the  near 
future,  I  believe  that  the  use  of  solar  energy,  including  the 
use  of  thermal  gradients  in  the  oceans,  and  fusion  energy  can 
make  a  hydrogen  fuel  society  possible.  He  should  prepare  now 
to  know  how  to  use  pollution-free  hydrogen  in  our  ground  pro¬ 
pulsion  systems. 

Conosent:  The  very  recent  letter  from  D.O.T.  with  the  questions 
t-ggardlng  the  sAfety  of  our  1975  emission  control  systems  will 
be  of  interest  to  anyone  who  is  considering  the  advisability  of 
hydrogen  fuel  as  well  as  any  other  kind  of  alternate  fuel.  (Tr. 
231,  line  22) 

2.  ”'‘)jr.'  Vanik r  EPA,  Treasury,  and  the  Department  of  Transportation 

all  cane  up  with  potential  fuel  savings  of  1.4  to  2.0  million 
barrels  of  gasoline  per  day  within  a  few  years  if  existing  tech¬ 
nology  was  applied  to  auto  manufacture. 

Canment:  When  reviewing  the  existing  technology  to  save  fuel 
of  cars,  tradeoffs  in  safety,  emissions  and  comfort  features 
must  be  considered.  Building  good  fuel  economy  cars  that  have 
poor  performance,  no  air  conditioning,  no  power  steering  may 
be  feasible  but,  if  the  cats  cannot  be  sold  to  the  customer  in 
competition  with  more  efficient  and  desirable  vehicles,  it  will 
not  result  in  any  overall  fuel  economy  for  the  country.  (Tr . 
233,  lines  18-25) 
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3.  Hr.  Vanik:  A  NASA  study  could  show  how  our  autos  could  be  made 
more  efficient — and  would  put  an  end  to  the  endless  attempts  to 
blame  poor  mileage  on  EPA  Clean  Air  regulations. 

Comment:  Other  things  being  equal,  lowering  limits  for  oxides 
of  nitrogen  is  going  to  result  in  the  loss  of  fuel  eco-  ^my. 

(Tr.  234,  lines  2-5] 

Statements  of  Carl  E.  Nash  and  Clarence  H.  Ditlow 

1.  Me.*!srs.  Nas'  and  Ditlow:  Since  the  1930's,  the  only  important 
innovations  that  have  been  incorporated  into  new  cars  are  air 
bags  for  occupant  crash  protection,  catalytic  type  exhaust  emis¬ 
sion  converters,  and  stratified  charge  piston  engines. 

Comment:  We  are  attaching  a  list  of  innovations  in  safety  areas 
and  other  areas  that  have  been  made  since  the  1930 's  in  our  auto¬ 
mobiles.  The  witness  here  is  talking  about  improvements  that 
have  been  talked  about  in  the  press  but  have  not  yet  been  fu' ly 
developed.  (Tr.250,  lines  7-10) 

2.  Messrs.  Nash  and  Ditlow:  The  first  of  these  was  introduced  on 

a  very  limited  basis  this  year  by  General  Motors,  and  the  second 
will  be  found  on  most  domestic  cars  to  be  marketed  this  fall. 

The  third  will  be  found  only  on  the  Japanese  Honda  Civic  next 
year . 

Comment:  See  our  testimony  on  the  Japanese  Honda  stratified 
charge  engine.  (Tr.250,  Tines  13,  14) 
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Messrs.  Nash  and  Oitlow:  in  1973/  for  example/  Chrysler  spent 
$400  million  on  tooling  and  equipment  for  the  redesign  of  its 
full  size  car  lines*  cars  that  have  since  become  a  glut  on  the 
market. 

Coottoent:  Annual  model  changes  are  required  in  order  to  accoro- 
plish  quality  improvements  to  meet  safety  and  emission  regular 
tions  and  to  reduce  cost.  In  a  volume  production  industry*  the 
most  efficient  and  sometimes  the  only  way  to  accomplish  impor¬ 
tant  changes  As  to  empty  the  pipelines  and  stop  production,  then 
refill  them  with  new  parts  and  start  again  with  the  new  model. 
Retooling  Is  often  necessary  anyway.  Thus,  if  a  large  number 
of  changes  can  be  made  at  one  time,  it  may  pay  in  cost  savings 
and  permit  appearance  to  be  altered  for  marketing  purposes 
-  essentially  at  no  extra  cost  to  the  company  or  the  consumer . 
''ttr.252,  lines  9-lS) 

.^-Messrs.  Nash  and  Dltlow:  Bradford  Snell  has  estimated  that  due 
to  the  annual  style  change  and  the  need  to  produce  around  300,000 
■^lidilar  vehicles. to  achieve  economies  of  scale,  the  invest' ant 
needed  to  enter  the  domestic  auto  market  is  $779  milliot  of  which 
$724  million  would  be  needed  to  provide  annual  style  change  cap¬ 
ability. 

Comment:  Unsubstantiated,  unprovable  hogwash.  Certain  kinds  of 

cars  actually  sell  better  without  annual  styling  changes,  e.g. 
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Volkswagen.  Domestic  manufacturers  would  love  to  be  able  to 
sell  cars  with  minimal  changes  from  year  to  year.  (Tr.252, 
lines  18-23) 

5.  Messrs.  Nash  and  Oltlow:  Much  of  this  work,  such  as  on  the 

Hankel  engine,  stratified  charge  engine,  turbines,  and  Stirling 
engine  Is  based  on  old  or  borrowed  technology,  sometimes  paid  for 
at  a  coat  In  excess  of  the  probable  cost  of  original  research  and 
development  work. 

Comment:  There  is  no  magic  answer  to  the  powerplant  problem 
any  more  than  there  is  a  carburetor  that  will  get  50  miles  per 
gallon.  It  is  relatively  easy  for  the  experienced  engineer  to 
rule  out  the  great  majority  of  alternate  powerplants  from  mass 
use  in  automobiles  on  the  basis  of  cost  or  performance  or  loss 
of  fuel  efficiency  or  lack  of  suitability  for  powering  an  auto¬ 
mobile,  or  some  combination  of  these.  Even  with  the  millions 
of  dollars  that  have  been  spent  to  develop  a  gas  turbine,  the 
best  we  have  to  offer  still  does  not  come  close  to  matching  the 
internal  combustion  engine  with  all  its  faults  when  all  of  the 
features  are  considered,  especially  that  of  manufacturing  cost. 

If  NASA,  EPA,  or  anyone  else  can  show  us  a  better  engine  con¬ 
sidering  all  these  factors,  we  will  be  glad  to  build  it.  (Tr. 
253,  lines  14-18) 
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6.  Heasrs.  Naah  and  Oitlow:  The  evidence  brought  together  prior 
to  this  ault  by  a  boa  Angeles  Grand  Jury  outlined  the  cross 
licensing  agreenent  and  other  close  associations  between  these 
so-called  auto  competitors  that  forged  this  Illegal,  united 
front  of  Inaction. 

Comment:  The  cross-licensing  agreement  was  approved  by  the 
Federal  government  and  very  mich  encouraged  by  the  State  of 
California  because  of  the  belief  that  air  pollution  research 
would  progress  more  rapidly  under  such  an  agreement  than  with¬ 
out  it._  No  decision  was  ever  made  that  there  was  anything 
illegal  about  this  cross-licensing  agreement,  and  far  from 
holding  up  progress  in  controlling  emissions,  it  actually 
speeded  it  up  under  the  conditions  prevailing  at  that  time, 
lines  23-25,  Tr.255,  line  1) 

7.  Messrs.  Naah  and  Ditlow:  According  to  an  Environmental 
Protection  Agency  memorandum,  the  automotive  air  pollution 
resulting  from  this  conspiracy  cost  the  American  government 
$3‘.7  billioir:  The  cost  to  the  American-  public  was  even  higher. 

Comments  He  would  like  to  see  reference  8.  He  have  never 
seen  any  proof  of  any  stostantial  cost  to  the  American  govern¬ 
ment  or  American  public  due  to  automotive  air  pollution.  We 
have  EPA  documents  to  bear  this  out.  (Tr.255,  lines  8-11) 
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8.  Messes.  Nash  and  Ditlow:  If  the  domestic  auto  industry  had 
converted  to  the  stratified  charge  engine,  the  consumer  would 
have  saved  $120.60  for  the  emission  controls  on  1974  cars  ac¬ 
cording  to  the  National  Academy  of  Sciences  and  at  the  same  time 
would  have  enjoyed  12  percent  better  fuel  economy  according  to 
the  EPA. 

Comment:  He  have  been  working  with  the  Honda  engine  for  better 
than  a  year  now,  and  our  experience  thus  far  does  not  support 
these  statements.  See  our  testimony.  (Tr.25e,  lines  13-18) 

9.  Messrs.  Nash  and  Oitlow:  It  seems  incongruous  that  the  federal 
government  should  have  to  subsidize  research  and  development 
work  that  will  probably  be  in  the  self-interest  of  this  multi- 
billion  dollar  corporation.  By  comparison,  GM  and  Ford  par¬ 
ticipated  in  the  Department  of  Transportation's  experimental 
safety  vehicle  program  on  a  one-dollar  contract  basis. 

Comment:  While  lower  emissions  and  better  fuel  economy  are 
possible  with  future  turbine  designs  underway,  turbine  cost 
is  still  an  outstanding  barrier  to  actually  producing  this 
powerplant  in  volume.  Even  should  the  cost  problems  be  some¬ 
how  overcome  by  manufacturing  development,  a  reachable  oxides 
of  nitrogen  standud  would  have  to  be  specified  for  a  long 
enough  period  of  time  to  enable  a  tremendous  investment  that 
will  be  required  to  produce  turbines  in  volume  to  be  amortized 
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and  thereby  justified.  So  far  there  have  been  no  such  assur¬ 
ances  or  even  any  intimation  that  such  assurance  will  ever  be 
forthcoming.  (Tr.257,  lines  14-16) 

10.  Messrs.  Nash  and  Dltlow:  Small  research  and- development  com¬ 
panies  such  as  Steam  Power  Systems,  about  which  you  heard  on 
February  6,  1974,  and  entrepreneurs  like  William  Lear  and  the 
Carter  family  from  whom  you  will  hear  on  June  18,  may,  without 
the  historical  encumbrances  of  the  auto  makers  and  traditional 
automotive  engineering,  be  able  to  make  the  breakthroughs  neces¬ 
sary  to  achieve  the  revolutionary  design-  changes-  that-  will  be 
necessary  for  the  continued  co-existence  of  man  and  his  trans¬ 
portation  systems. 

Conimeht;  Not  one  single  alternate  powerplant  proposal  has  proved 
to  have  any  substance  including  Lear,  Carter,  SPS,  and  all  the 
rest.  The  day  that  one  looks  like  it  actually  has  potential, 
Chrysler  for  one  hopes  to  be  the  first  to  take  advantage  of  it. 
The  Honda  appeared  to  have  such  an  advantage;  now  it  looks  doubt¬ 
ful,  as  described  in  our- testimony.  (Tr.257,  lines- 22-25)- 

Statcraent  of  Robert  F.  Sawyer 

1.  Mr.  Sawyer:  I  am  personally  uncomfortable  that  these  expenses 
are  being  invested  in  a  technology  which  is  less  than  the  opti¬ 
mum  and  the  most  cost-effective  and  that  the  federally  mandated 
controls  have  been  specified  from  a  very  shallow  technological 
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CoBonent:  Ho  are  conpletely  confident  that  the  emission  con¬ 
trols  in  autonobiles  so  far  have  been  as  cost-benefit  effective 
as  possible  under  the  pressure  of  artificial  deadlines  and  low 
levels  set  by  the  1970  Clean  Air  Act.  There  are  no  present 
known  solutions  so  there  has  been  a  great  deal  of  inefficiency 
due  to  inability  to  meet  the  levels  in  the  specified  time. 

This  inefficiency  will  continue  to  cost  the  American  public 
billions  of  dollars  until  a  more  realistic,  scientific  approach 
is  taken  and  coats  are  considered  along  with  benefits  that  can 
be  attributed  to  further  reductions  in  automotive  emissions. 

In  our  opinion  the  1975  automobiles  will  be  a  big  step  beyond 
the  point  of  diminishing  returns  as  far  as  automotive  emission 
control  is  concerned.  (Tr.268,  lines  1-6) 

Mr.  Sawyer;  With  the  energy  crisis  and  resulting  long  overdue 
concern  with  the  poor  fuel  economy  of  the  American  automobile, 
an  unfortunate  misconception  exists  that  improvement  in  automo¬ 
tive  fuel  economy,  emissions,  and  performance  cannot  be  pursued 
simultaneously— that  improvement  in  one  characteristic  must 
necessarily  be  at  the  expense  of  the  others. 

Comment:  We  have  always  made  it  clear  that  control  of  hydro¬ 
carbons  and  carbon  monoxide  can  be  accompanied  by  better  fuel 
consumption,  and  the  initial  engine  modification  approach  pio- 
neereo  by  Chrysler  demonstrated  this  fact.  On  the  other  hand, 
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the  more  recent  required  control  of  oxides  of  nitrogen  does 
inherently  penalize  fuel  consumption.  Originally,  even  the 
California  authorities  felt  that  NO^  control  was  not  necessary 
if  hydrocarbons  were  controlled.  (Tr.269,  lines  9-14) 

Mr.  Sawyer:  Unfortunately  it  is  the  foreign  automobile  industry 
which  Is  leading  the  way  In  bringing  advanced  technology  to  the 
production  state.  I  am  disappointed  that  we  must  go  to  foreign 
manufacturers  In  order  to  be  able  to  purchase  economical  cars 
with  fuel  Injection,  electronic  controls,  automated  diagnostic 
equipment,  Diesel  engines,  non-catalyst  based  emission  control 
systems,  and,  soon,  the  first  of  the  stratified  charge  engines. 

I  am  similarly  dissatisfied  with  the  U.S.  automotive  industry 
for  giving  15  percent  of  the  U.S.  car  mar)cet  in  1973  to  foreign 
manufacturers  (17  percent  in  January  of  this  year) ,  apparently 
tsecause  of  a  decision  to  emphasize  production  and  mar'icetlng  of 
large,  inefficient  automobiles. 

Comment:  None  pf  the  features  listed  were  pioneered  by  foreign 
bu£.most  hervc  been  provided  in  foreign  cars  foif  sale  to 
the  U.S.  for  their  novelty  value.  Such  features  can  be  sold  at 
a  premium  when  volume  sales  are  low,  and  such  is  the  case  with 
the  equipment  on  the  foreign  cars  mentioned,  nhen  and  if  any 
of  these  features  provide  suitable  cost  benefits,  they  will  be 
gut  into  production  on  U.S.  cars.  Our  electronic  ignition 
system  is  a  s^unple  of  such  a  device,  which  we  have  had  for  two 


278 


-13- 


ysars  in  all  ot  our  cars  and  which  we  provide  for  very  low 
cost  coopared  to  the  foreign  versions.  (Tr.270,  lines  18-25; 
Tr.271,  lines  10-13) 

Statement  of  Congressman  Symington 

Mr.  Symington:  But  aren't  you  saying  that  if  they  retooled 
for  a  smaller  car,  considering  the  effect  of  added  weight  on 
the  efficiency  of  the  car  .  .  .  that  it  would  still  be  within 
the  general  and  expectable  range  of  cost  to  the  consumer. 
(Tr.279) 

Comment:  Attached  is  a  chart  showing  that  the  small  car  pene¬ 
tration  of  the  total  market  is  increasing  with  the  result  that 
the  public  is  benefiting  from  lower  initial  costs  and  fuel 
economy . 
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Mr.  Milfobd.  If  you  think  your  industry  1  troubles  then  try  the 
oil  industry. 

Mr.  Stuinoton.  Thank  you,  Mr.  Milford. 

We  will  let  you  begin  the  questioning  of  the  next  witness. 

I  thank  you  gentlemen  very,  very  much  for  your  appearance  today 
and  for  your  help  to  us. 

The  next  witness  is  Mr.  Don  Jensen,  director  of  the  Automotive 
Emissions  Office  of  the  Ford  Motor  Co.  Mr.  Jensen  has  been  with  the 
Ford  Motor  Co.  since  1966  and  he  previousl]r  served  with  tlie  Cali¬ 
fornia  State  mvemment  in  the  field  of  emission  controls. 

[A  biographical  sketch  of  Mr.  Jensen  follows :] 

Donau)  a.  Jensen 

Donald  A.  Jensen  was  appointed  Director  of  AvtomotiTe  BnUasitms,  Envi¬ 
ronmental  and  Safety  Englneerinx  Staff,  Ford  Motor  Company,  In  January 
1908.  He  represents  Ford  with  Federal  and  State  governmental  agencies  charged 
with  enforcement  of  vehicle  emissions  and  noise  control  requirements,  and  coor¬ 
dinates  the  Company’s  motor  vehicle  emission  control,  fuel  economy,  and  noise 
control  planning. 

Mr.  Jensen  Joined  Ford  in  April  1966,  as  Executive  Engineer,  V^de  Emis- 
slcms  and  Begnlatlons  Oflke,  following  a  career  as  a  government  admindstrator. 

He  was  the  first  Executive  Officer  of  the  former  California  Motor  Vehicle 
Foliation  Control  Board  and  played  a  key  role  in  the  state’s  efforts  to  establish 
emission  oootrola  on  all  antomoblles  sold  in  California,  two  years  prior  to  similar 
action  nationwide 

Mr.  Jensen  is  Chairman  of  the  Air  Quality  Committee  of  the  Motor  Vehicle 
Manufacturers  Association,  and  is  a  past  President  of  the  Air  Foliation  Control 
Ajsoclation.  He  also  is  a  member  of  the  Society  of  Automotive  Engineers. 

A  native  of  San  Frandaco,  Mr.  Jensen  was  bom  August  5,  1915.  He  holds 
Bachelor’s  and  Master’s  degrees  from  the  University  of  California.  While  an 
undmgraduate,  he  was  a  member  of  the  1836  United  States  Olympic  Basketball 
Team. 

He  lives  in  Dearborn  Heights.  Michigan. 

STATEHEHT  OF  DOHAU)  A.  JE9SEH,  SIBECTOB,  AUTOMOTIVE 
EMISSIOHS  OFFICE 

Mr.  jBNfiEit.  Mr.  Chairman  and  members  of  the  committee,  my  name 
is  I^nald  A.  Jensen  and  I  am  director  of  the  Office  of  Automotive 
Emissions  of  Ford  Motor  Co.  I  appreciate  your  invitation  to  appear 
before  you  to  discuss  H.R.  10392  and  the  general  subject  of  research  and 
development  of  ground  propulsion  systems,  specifically  automotive 
engines. 

The  bill  under  consideration  would  give  the  National  Aeronautics 
and  Sp^e  Administration  authority  to  develop  new  alternate  ground 
propulsion  systems  and  to  conduct  research  in  alternate  energy  sources 
for  use  in  such  systems.  It  is  our  understanding,  and  the  hearings  of 
this  committee  support  these  facts,  that  the  Envirmimental  Plrotection 
Agency,  Department  of  Transportation,  Department  of  Defense, 
NASA,  Atomic  Energy  Commission,  the  Foetal  Service,  and  the  Na¬ 
tional  Science  Foundation  all  have  active  programs  in  some  aq>ect 
of  new  alternate  ground  propulsion  system  development. 

There  is,  however,  at  present  a  basic  division  or  responsibility  be¬ 
tween  EPA  with  assigned  research  leaderdiip  for  alternate  power 
source  development  for  private  transportation  and  the  Department  of 
Transportation  who  has  responsibility  for  public  mass  transit  and  total 
transportation  systems.  Published  reports  also  indicate  that  the  major 
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American  automobile  manufacturers  are  involved  actively  in  research 
and  development  of  alternate  power  sources.  Congress  may  want  to 


values  such  as  emisfflons  versus  fueleconmny  or  vehicle  damageability 
versus  fuel  economy.  This  could  avoid  wasteful  deplicaticm  of  effort. 

In  additi<m  to  our  in-house  work,  Ford,  in  November  1973,  made 
an  indepoident  grant  of  $500/)00  to  the  Jet  Pn^ulsion  Laboratory  in 


of  alternate  power  sonrcea  A  coj^  of  the  statement  of  objectives  for 
that  study  is  attached  for  your  information  and  I  would  lUm  to  ask 
that  it  would  be  put  in  the  record,  Mr.  Chairman,  since  it  bears  directly 
on  the  subject  of  this  hearing. 

Mr.  SnoKOTOir.  It  is  so  o^red. 


[The  document  referred  to  above  is  as  follows :] 


Stateueht  or  OaracmBS  rai  Fobo  Obaht  to  Jxt  Paopouioir  Labosatobt, 
NontKBSB  1978,  roe  Axttouobilb  Poweb  Ststsms  Btaiuatior  E^tudt 

The  pnivoee  of  this  atndy  Is  to  provide  indepatdent  leaearch  studies  and  tecfa- 
nieal  aptnaisals  of  poteitlally  ptomlring  alternatives  to  die  internal  combnstl<» 


nie  ovotbU  objective  of  these  evalnaticMU  Is  to  isrovlde  independent,  objective 
snldeUnes  for  sieving  and  maintaining  opdmnm  vehicle  characteristics  with 
respect  to  naticmal  needs  and  desires  for  clean  air,  conservatlmi  of  non-renewable 
natural  resonrcea  Improved  safety  and  general  betterment  of  mobility  and 
quality  of  llfb  within  an  affordaUe  economic  framewcMlc. 

A  concmnltant  gmteral  objective  of  the  evaluations  Is  the  proper  timing  of 
actions  rating  to  power  sretm  changes— the  research  and  develofMnent  lead- 
times  for  vatlons  propulsion  alternatives,  tlme-i9mslng  of  logistical  support  and 
infrastructure  develoiHnent,  feasible  rate  sch^nles  for  large-scale  conversion 
to  alternative  systems,  etc.  In  other  words,  the  overriding  questions  relate  not  to 
what  can  be  done,  but  to  what  should  be  done  and  when  in  order  to  gain  sig- 
nlflcant  advantages  over  today’s  internal  combustion  engine  and  its  logical  and 
llk^  evolutlmiary  dmivattvea  It  is  expected  that  comparisons  of  all  alternatives 
will  be  made  against  a  moving  baseline  of  timely  improvements  and  extensicms 
of  present  engine  technology.  For  all  comparisons,  the  time-frame  cf  greatest 
Interest  is  the  decade  1980-1990,  but  study  attenticm  must  extend  well  beyond 
this  period  to  comprdiend  such  things  as  resource  avallaUUties  including 
potmitlai  for  dlffermt  fuels;  full-conversion  evaluations  and  economic  imidi- 
cationa 

Specific  objectives  with  respect  to  each  admissible  alternative  course  of  actimi 
would  include  tiie  f<filowlng : 

A.  An  enginening  appraisal,  Induding  idmittfication  of  i^)erati(m  character¬ 
istics  and  parameters,  of  major  unresolved  technical  considerations,  induding 
time  and  cost  estimates  for  their  probable  resolntimi. 

B.  A  determination  of  the  earliest  feasible  and  practicable  large-scale  conver¬ 
sion  of  vehicles  to  the  system,  vrith  an  estimate  ttf  the  most  reasonable  conver- 
don  rate. 

C.  Aa  aasesament  of  the  probable  total  aggregate  economic,  natural  resonrce, 
environmental  and  aodetal  impacts  of  the  conversion,  including  luoduction, 
logistic  and  energy  support  requirements.  Here,  exifildt  attmiti<«  should  be 
directed  to  forecasting  future  motor  vehicle  use  and  limits  or  boundaries  thereto, 
taking  into  account  changed  land  use  polides,  new  life  styles  and  the  probable 
Increased  availability  of  public  transpottattcm. 

D.  An  overall  comparative  evaluation  in  rdation  to  forecasted  internal 
combustion  engine  technology.  Including  the  engine  improvement  information  that 
has  been  provided  to  the  National  Academy  of  Sciences. 

B.  Explldt  devdotxnent  of  BumufScturlng  costs  fmr  major  system  components, 
treating  them  paimmetrically  where  costing  uncmtainties  so  dictate  Hma,  extoi- 
dve  use  of  sensitivity  testing  would  be  indicated  to  define  cost  targets  critical  to 
dedsion  cholcee 
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F.  Cktegoctetimi  at  KMAarcli  aad  devtiopment  requiraiieiitB  Into  tanks  that 
logically  call  tor  ^ther  government  funding  or  Industry  funding,  depending  on 
the  else  of  commitment,  time  for  paytiack,  redideat  of  the  benefits,  tnobabillbr  of 
sQoeeaa,  etc. 

Doting  the  coorae  of  this  effort.  For!  will  make  available  information  on 
present  IntMoal  combnatlon  engine  techntdogy  to  the  extent  that  such  infor¬ 
mation  would  not  he  preludldal  to  any  patent  or  proprietary  interest  Ftwd  will 
also  make  available  alternate  miglne  Information  such  as  that  already  provided 
to  the  BnvlrNimental  Protection  Agency  and  the  National  Academy  at  Sciences. 
Ford’s  paraUri  efforts  to  forecast  technology  and  socioeconomic  and  enviitm- 
niental  factors  will  not  be  made  available  in  order  to  avcdd  Introdncing  an  ap¬ 
pearance  at  Mas  or  lack  of  <fi>Jectlvlty  in  the  study. 

For  exanmle,  one  portion  of  that  study  calls  for  JPL’s  recommen- 
daticms  on  landing  by  either  the  Government  or  industry  depending 
on  the  size  of  the  commitment,  recipient  of  the  benefits  and  other 
fetors.  I  want  to  stress  the  independence  of  this  study.  We  purposely 
did  not  ask  for  progress  reports  Because  we  felt  to  do  so  would  imply 
that  we  were  guiding  the  direction  of  the  Jet  Propulsion  Laboratory 
study.  When  the  project  is  complete  next  January,  its  findings  shall 
be  made  publm  so  it  can  be  utiliwd  by  Congress,  Government  agencies 
and  private  industiw — ^hopefully  as  a  guide  toward  future  research 
and  develi^ment  ot  ground  propulsion  systems  as  contemplated  in 
this  bill. 

In  its  own  laboratories.  Ford  has  directed  an  aggressive  program 
toward  llie  improvement  of  today’s  conventional  engines,  the  modifica¬ 
tion  of  current  engines  to  incorporate  advance  technology  such  as  pre¬ 
chamber  or  stratified  charge  designs,  and  the  developments  of  alternate 
power  sources. 

We  have  good  reascm  to  design  and  produce  new  engines  with  low 
onission^  good  fuel  economy  mid  performance,  and  all  of  them  at  a 
lower  price  tJian  our  competitors  can.  Such  an  achievement  would  give 
us  a  tremendous  advantage  in  the  marketplace.  Automobile  manu- 
^tursrs  constantly  compete  to  develop  the  most  cost-effective,  low- 
emissi<Hi  new  engine. 

I  would  like  to  address  my  comments,  first  to  the  present  status  of 
engine  design  as  it  relates  to  emission  standards,  fuel  economy,  and 
cost.  Second,  I  would  like  to  report  on  the  progress  of  Ford’s  short- 
and  long-range  programs  for  engine  development.  Finally,  I  would 
like  to  comment  on  how  we  believe  the  Gtovemment  can  contribute 
best  to  further  technological  and  cost-effective  advancement  in  the 
field  of  ground  propulsion. 

For  &e  past  8  years,  Ford  has  directed  a  major  part  of  its  engine 
design  effort  toward  developing  exhaust  emission  controls  for  today’s 
conventional  engines.  We  now  produce  13  different  major  engine 
families  and  the  technology  we  developed  had  to  he  applicable  to  each 
of  these  different  engine  families.  We  have  faced  and  met  new  emission 
standards  almost  every  year  since  1966.  This  has  been  done  primarily 
by  adding  ^nission  control  ccnnponents  and  by  making  design  changes 
to  the  engines  which  unfortunately  usually  raised  the  retail  cost  of  the 
vehicle  depreciated  the  fuel  economy.  As  a  result,  the  average 
1974  model  FoM  car  costs  more  than  the  1967  model  uncontrollM 
vehicle  and  achieves  approximately  10  percent  less  fuel  economy.  Be¬ 
cause  of  the  need  for  incorporating  catalysts  to  me^  the  1975  interim 
standards,  the  1975  customer  cost  penalty  will  be  about  $175  over  the 
1974  model.  We  are  not  yet  certam  about  fuel  economy  of  our  1975 
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models,  but  believe  there  will  be  an  improvraaent  due  to  the  usage  of 
ca^yst  technoloOT. 

While  our  production  vehicle  engineers  work  in  this  area,  our  ad¬ 
vance  and  researdi  group  have  engaged  in  major  engine  designs.  We 
have  shared  our  development  results  with  EPA  and  with  appropriate 
subcommittees  of  the  Nati<M)al  Academy  of  Sciences  who  are  reviewing 
the  current  s^us  of  such  efforts  under  terms  of  a  congressional  con¬ 
tract.  MajiH*  improvements  applicable  to  todays  engines  that  are  under 
development  at  Ford  include:  Advanced  carburetion,  such  as  variable 
ve«iun  and  sonic  carburetors,  fuel  injection,  both  with  mechanical 
and  electronic  control  systems,  advance  catalyst  development,  bc^h 


exhaust  gas  circulation. 

Each  of  these  prc^grams  will  continue  to  be  scrutinized  carefully 
to  measure  contributions  to  improved  fuel  economy  and  reduced  emis- 
si<Hi8  at  the  most  cost-effective  level. 

In  additi<m,  programs  are  in  progress  that  involve  major  departures 
frmn  today’s  engine  designs. 

The  first  of  these  invmves  a  CVCC  prechamber  engine  design  pro¬ 
gram  that  we  are  pursuing  in  conjunction  with  Honda  Motors.  The 
strcMtg  point  of  su^  an  engine  is  that  it  will  achieve  significant  fuel 
ecommy  improvement.  The  introduction  of  such  an  engine  is  practical, 
incidentally,  only  if  a  NOx  standard  of  no  less  than  2  gpm  is  assured 
for  a  sufficient  number  of  years  to  allow  recovery  of  investment  costs 
to  mass  produce  such  an  engine.  As  the  president  of  our  company  re¬ 
ported  to  the  Senate  Subconunittee  on  Air  and  Water  Pollution  over 
a  year  ago,  assuming  successful  development,  such  a  design  could  be 
incorporate  on  one  engine  line — 500,000  vehicles — about  3  model  years 
;;.fter  firm  establishment  of  a  reasonable  long  range  NOx  standard. 
I  can  report  today  that  to  date  our  development  prc^ram  has  been 
successful,  although  there  are  still  some  technical  and  economic  prob¬ 
lems  to  be  resolved.  Unfortunately,  no  congressional  action  has  yet 
been  taken  to  set  the  loi^  term  NOx  standard  at  the  required  level. 

In  addition  to  the  CVOC,  we  are  working  on  a  programed  combus¬ 
tion  engine  which  we  term  PROCO.  Design  work  on  this  enmne  has 
been  progressing  at  Ford  for  a  number  of  years.  Presently,  this  pro¬ 
gram  is  in  competitiim  with  our  prechamber  Honda  CVCC  program. 
While  there  are  more  design  problems  to  be  solved  with  the  PIWXIO 
engine,  and  more  time  may  be  necessary  to  reach  the  production  state, 
this  engine  may  have  better  long  range  potential  for  improved  fuel 
economy  and  lower  NOx  levels  that  can  be  achieved  with  the  CVCC 
prechamber  engine. 

In  the  area  of  longer  range  possibilities.  Ford  has  concerned  itself 
with  several  alternate  designs. 

Our  diesel  engine  studies  suggest  that  diesels  can  be  adjusted  to  meet 
the  1975  standards  of  the  Clean  Air  Act.  We  are  very  concerned,  how¬ 
ever,  with  the  problems  of  particulate  emissions,  smoke,  noise,  weight, 
performance  loss,  cold  start  problems,  and  odor  emissions  associated 
with  diesel  engines.  Accordingly,  our  level  of  development  htK  been 
restricted.  For  some  time.  Ford  has  had  an  extensive  gas  turbine  de- 
velopmmit  program.  Turbines  have  the  potential  to  meet  the  statutory 
hydrocarbon  and  CO  rtandards  but  have  questionable  NOx  emission 
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reductioQ  potential.  In  inid-1972,  we  found  that  vaporizing  and  pre¬ 
mixing  fum  showed  a  potential  for  reducing  NO,  to  acceptable  levels. 
We  also  have  worked  with  an  Enmlhard  catalHic  combust»r  and  a 
Zwick  reverse-flow  combustor  whi^  premixes  fuel  and  air.  Both  de¬ 
vices  have  a  similar  potential  for  reducing  NO.. 

It  has  been  known  for  some  time  tiutt  the  operating  temperatures  of 
turbines  must  be  raised  subetantialW  in  order  to  obtain  acceptable  fuel 
economy  and  to  reduce  engine  size.  Fond  has  taken  a  d  i  flerent  approach 
to  this  problem  than  most  companies.  This  new  approadi  includes  re¬ 
placing  the  costly  l^h  temperature  metal  alloys  with  ceramic  com¬ 
ponents  that  can  withstand  the  high  temperature  requirements  that 
must  be  achieved  in  these  turbines.  A.  portion  of  our  work  is  supported 
by  the  Advanced  Research  Projects  Agency  of  the  Department  of 
Defense.  We  understand  the  Department  of  Defense  believes  that  this 
ceramic  technologv  could  have  broad  applications  in  many  fields. 

Ford  has  worked  on  the  Rankine  cycle  engine  with  Thermo-Electron 
Corn.  Much  of  our  recent  effort  has  been  directed  toward  testing  a 
mockup  of  a  Rankine  cycle  engine  in  a  Ford  car  to  determine  cooling 
air  reauirements.  We  found  the  engine  to  be  extremely  complex  with 
poor  theoretical  thermal  efficiency.  This  would  necessarily  result  in 
poor  fuel  economy.  There  arc  unresolved  major  problems  which  are 
also  severe.  These  relate  to  cooling,  packaging,  difficulty  in  obtaining 
projected  cycle  efficiencies,  and  engme  weight.  Since  these  problems 
seemed  to  be  of  such  magnitude  as  to  make  this  powerplant  unattrac¬ 
tive,  Ford  has  discontinued  its  program  on  the  ^nkine  cycle  engine. 

We  also  have  developmental  programs  with  two  firms  on  the  Stirling 
cycle  engine  which  is  an  external  combustion  hot-air  engine.  We  have 
worked  with  Philips  of  Holland  since  1971  and  with  United  Stirling 
of  Sweden,  a  licensee  of  Philips,  since  1972.  The  Stirling  has  potentim 
advantages  in  fuel  economy,  emissions,  and  noise  levds  that  should 
make  it  an  attractive  future  powerplant.  Our  major  Stirling  engine 
program  is  with  Philips  of  Holland.  We  are  jointly  engineering  a 
170-hp  Stirling  engine  for  installation  in  a  Torino.  This  program 
is  proceeding  on  schedule  and  we  will  complete  the  installation  of  this 
engine  in  the  vehicle  by  the  end  of  the  year.  To  supplement  this  pro¬ 
gram,  we  are  installing  a  small  Stirling  engine,  developed  by  Umted 
Stirling  of  Sweden,  in  a  Pinto  as  a  test  bed  to  evaluate  the  Stirling 
engined  cooling  and  control  characteristics  so  we  can  properly  sire 
components  for  the  170-hp  engine.  Even  if  development  work  is 
successful,  the  time  frame  for  mass  production  of  this  engine  would 
be  the  mid  to  late  1980’s.  Once  product  feasibility  is  established  for 
these  or  any  other  new  alternate  power  source,  a  substantial  manu¬ 
facturing  task  would  remain.  New  processes  never  before  utilized  in 
our  industry  would  necessarily  be  involved. 

Ford  also  has  done  extensive  developmental  work  (m  the  rotary 
engine.  We  have  tried  many  exhaust  treatment  systems  inc  -  .^ing 
catalyst  only,  reactor  only,  and  reactor  plus  catalyst,  using  this  latter 
system  together  with  exhaust  gas  recirculation.  Most  of  our  experience 
with  rotary  engines  has  failed  to  overcome  the  poor  theoretical  thermal 
efficiency  problem  which  has  resulted  in  a  fuel  economy  penalty.  As 
we  have  sought  means  to  improve  economy,  we  found  the  rotary  engine 
to  exhibit  higher  HC  and  00  levels  than  other  internal  combustion 
engines.  Ford  has,  therefore,  discontinued  work  on  the  rotary  engine 
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in  order  to  concentrate  its  technical  manpower  or  more  promising 
sltematives. 

Ford  has  done  some  pioneering  work  on  electric  powerplants  for 
vehicles.  We  are  continuing  our  development  of  the  sodium-sulphur 
battery  and  are  utilizing  a  compter  model  to  evaluate  various  poten¬ 
tial  electric  car  configurations.  Even  if  all  our  research  frwn  here  on 
were  successful,  we  could  not  be  ready  for  production  until  the  late 
1980’s. 

With  the  information  available  to  us  today,  it  is  our  belief  that  we 
at  Ford  have  balanced  our  production  design  effort  with  our  advance 
and  research  effort  in  a  sincere  and  sensible  attempt  to  make  available 
to  our  customers  the  best  vehicles  we  can  produce,  and  still  meet  Gov¬ 
ernment  standards  for  safety  and  emission  control.  We  believe  that 
considerable  improvement  in  our  programs  could  be  attained  in  drive- 
ability  and  fuel  economy  if  Federal  emission  standards  could  be 
stabilized  for  a  period  of  time. 

It  is  essential  that  Congress  establish  long-term  emission  standards 
as  soon  as  possible.  We  recognize  that  the  NAS  is  conducting  an  in- 
depth  study  in  this  area,  the  results  of  which  should  be  available  dur¬ 
ing  the  third  quarter  of  this  year.  This  should  provide  factual  data  to 
a^bt  Congr^  in  a  decision  on  this  question. 

In  conclusion,  let  me  speak  direcuy  to  H.R.  10392  which  is  the  sub¬ 
ject  of  this  hearing.  As  indicated  at  the  outset  of  this  statement,  there 
needs  to  be  some  coordination  and  prioritization  of  research  and  de¬ 
velopment  programs  of  ground  propulsion  systems,  both  within  the 
Government  and  in  the  private  sector.  Our  current  grant  to  the  Jet 
Propulsion  Laboratory  may  help  in  establishing  such  priorities.  Cer¬ 
tainly,  we  at  Ford  will  give  careful  consideration  to  any  recommenda¬ 
tions  which  the  JPL  study  develops.  In  the  interim,  we  have  serious 
questions  concerning  this  legislation  on  the  basis  that  at  least  on  the 
surface  it  appears  to  duplicate  other  Government  efforts.  For  example : 
The  Environmental  Protection  Agency,  under  its  alternative  automo¬ 
tive  power  system  program,  will  spend  about  $17  million  next  year  in 
this  area  (NASA  is  already  supporting  EPA  in  this  prc^ram.). 

The  Department  of  Transportation,  through  the  Urban  Mass  Tran¬ 
sit  Administraion,  is  funding  research  on  alternate  propulsion  systems 
for  public  transportation,  including  Rankine  cycle,  electric,  and  fly¬ 
wheel  propulsion  system  for  buses. 

The  Department  of  Transportation,  through  the  Federal  Railroad 
Administration,  has  a  $42  million  program  on  high-speed  ground 
transportation  research,  much  of  which  is  directed  at  alternate  propul¬ 
sion  systems. 

At  the  outset,  we  mentioned  other  Government  efforts  by  NASA,  the 
Department  of  Defense,  the  Postal  Service,  AEC,  and  the  National 
Science  Foundation.  We  believe  that  the  outstanding  capabilities  of 
NASA  could  be  better  brought  to  bear  on  the  propulsion  system  prob¬ 
lem  by  supporting  EPA  and  the  Department  of  Transportation  who 
have  been  charged  with  this  mission  and  are  already  underway  with 
what  we  consider  to  be  excellent  and  appropriate  programs.  We  be¬ 
lieve  that  it  would  be  more  productive  to  increase  support  for  these 
groups  who,  in  turn,  could  contract  with  NASA  as  appropriate. 

Thank  you  again  for  the  opportunity  to  make  this  report  to  you 
today. 
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Mr.  Symington.  Thank  you,  Mr.  Jensen,  very  much  for  a  fine  state¬ 
ment. 

Are  jmn  familiar  with  the  testimony  we  received  frcun  representa¬ 
tives  of  the  Department  of  Transportation  concerning  their  investment 
in  long-range  research  for  autmnodve  engines? 

Mr.  Jbnsbn.  I  have  read  the  transcript.  It  was  about  a  rncmth  ago, 
so  I  mi^  not  have  it  completely  in  mind,  Mr.  Chairman. 

Mr.  Symington.  Perhaps  I  could  refresh  your  memory  by  pointii^ 
out  that  they  said  that  this  type  of  research  was  something  for  Detroit 
to  do.  That  is  the  way  they  put  it.  I  asked,  “Isn’t  that  raflier  discour- 
aging,  if  in  fact  the  industry  is  not  doing  what  you  think  they  should 
be  doing  ?”  What  should  we  make  of  all  t&t  ? 

Mr.  ,^N8EK.  Mr.  Chairman,  we  feel  very  strongly  that  the  Gk>vem- 
ment  has  a  role  in  this  field.  We  do  not  snow  exad;ly  what  the  role 
should  be  in  relation  to  the  private  sector.  That  is  why  we  made  the 
grant  to  JPL  to  hopefully  let  us  know,  and  give  us  some  direction  as 
to  where  we  should  go.  We  are  in  the  same  position  you  are  in  that 
respect. 

Mr.  Symington.  I  think  the  industry  is  quite  anxious  to  develop  the 
right  woriring  relationship  with  Government  for  long-range  research 
of  this  kind  and  we  want  to  help  th«n. 

Mr.  Jensen.  Yes,  sir. 

Mr.  Symington.  The  assignments  that  you  list  on  page  10,  except 
for  item  2,  DOT’s  conducting  of  in-house  and  funded  work  on  alter¬ 
native  automotive  systems,  doesn’t  really  touch  the  system.  If  mass 
transit  doesn’t  touch  it  and  EPA’s  work  doesn’t  do  it — ^they  are  solv¬ 
ing  the  current  problems — you  have  to  hang  your  hat  on  the  DOT’s 
resolve  to  do  sucn  research  work,  and  they  have  told  us  they  have  re¬ 
solved  not  to  do  it.  That  is  one  of  the  reasons  why  we  think  that  NASA, 
which  has  shown  some  interest  in  this  ty^  of  research,  and  certainly 
has  a  large  capability,  might  be  the  one  to  do  the  work. 

Of  course,  if  DOT  wants  to  help  fund  the  work,  we  would  not  object 
to  that.  We  are  really  not  all  that  far  apart.  The  work  should  be  done. 
I  think  you  agree  that  some  sort  of  effort  at  this  time  ought  to  be  made 
to  assist  the  industry  in  looking  down  the  road. 

Mr.  Jensen.  We  feel  that  NASA  does  have  OTeat  capability.  We, 
too,  have  worked  with  them  a  great  deal  in  our  Pnilco-Ford  operation. 
What  we  are  looking  for  is  hopefully  not  a  comprtitive  group  in  (^v- 
emment.  That  is  why  we  are  concerned  about  this  particular  legisla¬ 
tion.  We  had  hoped  we  would  have  some  kind  of  coordinated  approach 
so  we  could  attain  the  same  kind  of  objectives  I  think  we  share  with 
you. 

Mr.  Symington.  Of  course,  we  want  to  avoid  undesirable  duplica¬ 
tion.  We  want  good  minds  to  think  independently  and  to  come  up  with 
good  ideas,  but  all  with  some  overview  by  someone  who  will  sort  it  out. 

With  Mr.  Brown’s  indulgence,  I  will  call  on  Mr.  Milford  for 
questions. 

Mr.  Milford.  I  share  your  concern  about  duplication,  but  I  am 
wondering  if  we  mig^t  be  off  a  little  bit  on  communications.  Are  you 
primarily  referring  here  to  hardware  development  as  opposed  to 
fundamental  research  in  physical  principles  which  could  be  applied 
to  hardware  development* 
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Mr.  Jbnsen.  1  am  speaking  primarily  of  hardware  development.  We 
do  have  an  interest  in  basic  research  at  Ford.  Our  scientiks  for  ex¬ 
ample  are  looking  down  the  road — they  have  to— to  the  day  when 
i^roleum  products  will  not  be  available.  They  are  looking  at  things 
like  solar  energy  and  fusion,  and  the  theory  that  in  the  future  we  will 
have  to  look  toward  a  different  kind  of  fuel.  So,  we  have  that  kind  of 
concern,  but  the  di8on88i<Hi  today,  I  think,  relates  primarily  to  hard¬ 
ware  development. 

Mr.  Milfobd.  I  thought  the  role  of  NASA  was  fairly  nicely  summed 
up  in  Mr.  Term’s  statement  <hi  page  9,  getting  into  such  thii^  as  the 
study  of  burning  gases  and  the  control  of  burning  gases  in  this  cham¬ 
ber  which  would  be  applicable  to  the  industry  itself,  and  incorporat¬ 
ing  our  research  on  ainoils  and  turbine  blades,  which  could  be  applied 
by  the  industry  as  a  whole  in  the  building  of  a  better  engine.  This  is 
the  kind  of  thought  I  had  in  my  mind. 

Mr.  Jbnsen.  I  think  you  and  I  are  talking  on  the  same  wavelength. 
We  are  concerned  about  the  competitive  aspects.  For  example,  there 
is  a  turbine  contract  on  which  EPA  reported  to  this  committee,  and 
more  turbinewmrk  is  contemplated  down  the  road.  In  this  case,  there 
could  be  some  duplication  and  waste.  We  should  have  everyone  moving 
toward  the  same  objective.  This  ^ould  not  hamper  scientific  research. 
You  cannot  put  too  many  restrictions  on  researchers  and  say,  “You 
have  to  go  in  this  direction,”  or  you  would  lose  the  imagination  and 
initiative  which  characterizes  our  great  scientific  achievements. 

Mr.  Mdutobd.  What  I  am  trying  to  get  from  you  is  the  identity  of 
certain  areas  which  would  improve  the  powerplant  itself  such  as  two 
areas  which  have  been  outlined  here  in  the  previous  witness’  statement, 
where  NASA  could  fulfill  the  role  not  in  the  making  of  a  better  tur¬ 
bine  engine  but  could  research  out  a  sector  or  area  that  you  as  a  manu¬ 
facturer  can  incorporate  in  making  a  bette  engine.  I  am  not  sure  I  am 
making  myself  clear. 

Mr.  Jeksen.  I  understand  what  you  are  saying. 

Mr.  Milfoiq).  Those  are  the  kinds  of  suggestions  I  would  like  to 
hear  about. 

Mr.  Jeksek.  My  feeling  still  is  that  if  the  $30  million  were  avail¬ 
able,  and  there  were  scnne  kind  of  overriding  coordinating  force  so 
NASA  could  do  this  work  in  which  they  have  this  tremendous  capa¬ 
bility,  it  would  satisfy  any  problems  we  had  in  this  respect. 

Mr.MinroRD.  Thank  you,  Mr.  Chairman. 

Mr.  Stminotok.  Thank  you. 

Mr.  Brown? 

Mr.  Brown.  Let  me  just  pursue  this  for  a  moment,  Mr.  Jensen. 

I  couldn’t  agree  with  you  more  that  work  in  this  general  field  needs 
to  be  better  c<rardinated,  and  part  of  the  problem  in  Congress  right 
now  is  determining  the  system  by  which  we  will  achieve  this  coordi¬ 
nation.  That  is  likewise  true  in  the  executive  branch.  They  have  a  few 
problems  of  their  own  in  terms  of  how  to  get  coordination.  For  ex¬ 
ample,  the  lead  responsibility  for  emission  control  problems  is  ob¬ 
viously  with  the  Environmental  Protection  Agency.  Their  concern, 
however,  with  fuel  efficiency  is  peripheral,  except  to  the  degree  Aat  it 
may  happen  to  coincide,  in  some  respects,  with  emission  control  policy. 

The  question  of  fuel  efficiency  is  now  probably  more  within  the 
purview  of  the  proposed  Energy  Research  and  Development  Adminis- 
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tration,  which  Congress  may  iii<^  approve  and  establish,  and  which 
would  be  responsime  for  both.  The  supply,  and  to  some  degree  the 
demand  for  eneivy  in  this  country,  as  far  as  research  and  develop¬ 
ment  is  concerned 

Now  which  ^ould  be  a  lead  agency  in  a  project  to  establish  both  a 
more  emission-free  and  at  the  sune  time  energy-conserving  autcnno- 
bile?  Should  it  be  ENDAl  Should  it  be  EPA,  or  shcmld  it  be  DOT 
which  has  a  mandate  in  general  on  transportation?  This  is  where  the 
problem  lies. 

Now,  we  have  in  NASA  a  general  purpose  research  and  develofonent 
organization  which  can — ^and  I  think  this  is  a  widely  chared  view — 
which  can  contribute  to  the  solutimi  of  this  problem.  But  obviously 
the  criticism  is  quite  correct.  It  does  not  have  a  specific  mandate  that 
deals  with  either  emission  controls  or  cleaner  engmes.  It  is  not  trying 
to  usurp  ERDA  as  far  as  energy  research  and  development  is  con¬ 
cerned.  Certainly  it  does  not  want  to  take  over  DOT.  But  neverthe¬ 
less,  it  has  a  long-demonstrated  capability  of  handling  the  kind  of  prob¬ 
lems  which  need  to  be  solved  in  order  to  attack  this. 

Now,  I  think  our  purpose  in  drafting  this  legislation  is  to  tty,  with 
the  help  of  witn^^,  such  as  yourself,  to  create  a  framework  within 
which  ftis  capability  can  be  utilized.  Frankly,  I  do  not  consider  the 
legislation  to  the  perfect.  I  think  it  would  be  more  desirable,  instead  of 
the  rather  blunt  mandate  which  the  bill  gives  to  develop  ground  pro¬ 
pulsion  systems  which  are  energy  conserving  and  have  clean  emission 
characteristics,  that  we  ought  to  indicate  that  their  authorization  i^all 
extend  to  r^arch  rad  development  aimed  at  solving  problems  in 
th^  areas,  in  coordinatimi  with  or  under  the  direction  of  the  appro¬ 
priate  ^ncy  dealing  specifically  with  the  problem. 

But  I  think  those  kinds  of  changes  in  the  legislation  can  be  readily 
made  if  we  agree  that  there  is  a  problem  and  that  NASA  has  the 
capability  to  solve  it  and  it  ought  to  be  engaged. 

Would  you  react  to  that  little  speech  ? 

Mr.  Jeksek.  I  think,  you  and  I  are  talking  on  the  same  wavelength 
and  have  the  same  concerns  and  obviously  the  same  objectives.  If  we 
did  not  have  the  same  problems  and  questions  we  would  not  have  pro¬ 
vided  a  grant  to  JPL.  We  will  need  some  help  and  guidance.  We  want 
to  know  that  we  are  going  on  the  right  path. 

Mr.  Brown.  I  want  to  compliment  you  and  your  company  for  hav¬ 
ing  given  that  grant  to  JPL.  I  think  JPL  is  eminently  qualified  to 
give  you  an  extremely  valuable  report.  They  are  themselves  doing  some 
work  on  emission  controls  and  more  efScient  engines.  They  have  had 
long  experience  in  working  with  private  contracts  and  the  private 
enterpnse  sector.  I  think  they  are  resposive  to  the  needs  of  all  parties 
involved.  And  while  I  woula  prefer  that  we  pass  this  bill  tomorrow 
and  give  th^  a  specific  authorization  to  continue  and  expand  what 
they  are  doing — essentially,  that  is  what  we  are  seeking — ^I  would 
feel  that  if  we  cannot  get  the  bill  throi^  immediately  that  we  would 
be  well  served  to  be  guided  by  the  JPL  report.  After  all,  they  are  a 
part  of  NASA.  So  you  have  railed  on  NASA,  in  effect,  for  assistance 
or  consultative  services  in  this  regard.  I  will  defer  further  quesions, 
Mr.  Chairman. 

Mr.  Stminoton.  Mr.  Jensen,  we  do  need  to  get  on  to  our  next  wit¬ 
ness,  but  you  say  on  page  9  of  your  statement  that  you  have  a  balanced 
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effort  and  you  balanced  it  wiUi  your  research  effort.  How  do  you  mean 
you  balimoed  iti  Do  you  mean  dollar  for  dollar  or  do  you  mean  you 
found  what  yon  deem  to  be  an  appropriate  emphasis  on  each  ? 

Mr.  Jensbn.  Yes.  For  example,  the  material  which  was  in  the  tran¬ 
script,  and  I  speak  of  the  tables  which  were  mei^ioned  earlier  ^ow 
that  Ford  was  spending  a  greater  percentage  than  our  competitors  of 
our  total  R.  A  D.  budget  on  control  of  emission.  The  transcript  said  it 
was  ^.8  pwouit  but  the  latest  number  is  26.79.  This  is  one  phase  of 
this  balancing  process.  The  other  phase  relates  to  how  much  we  are 
spending  on  alternate  power  sources  as  compared  to  total  emission 
control.  On  the  migineering  portion  of  research  and  development,  we 
spent  $221  millioin  on  total  emission-related  projects  in  1973.  Of  that 
t^l  the  final  number  for  1973  spent  on  alternate  power  source  devel¬ 
opment  was  $26,452,000. 

In  respect  to  personnel  we  had  the  equivalent  of  5,600  people  work¬ 
ing  in  total  emission  research.  Of  that  total  about  567  were  working 
on  alternate  power  sourcea  I  do  not  know  whether  that  is  too  many 
or  too  few.  That  ist  why  we  are  talking  with  JPL.  But  we  have  tried 
to  balance  it. 

Mr.  Stbonoton.  The  areospace  industry  tends  to  invest  a  fixed  per¬ 
centage  of  its  sales  dollars  in  R.  &  D.  and  the  Government  ten^  to 
engage  in  fund  matching  to  help  them  do  that.  How  do  you  feel  that 
the  indui^ry ,  or  at  least  Ford  feels  about  that  i  How  do  you  determine 
the  level  at  which  you  will  invest  in  R.  &  D.  on,  let  us  say,  alternative 
propulsion  systons? 

Mr.  Jensen.  I  am  not  familiar  with  the  aerospace  industry  propor¬ 
tion  for  R.  &  D.  Of  course,  we  react  to  Government  laws  and  require¬ 
ments.  The  amount  which  we  spent  on  alternate  power  sources,  R.  &  D. 
for  example  in  1970 — the  year  before,  the  clean  air  amendments  were 
adopt^,  on  December  31, 1970— was  around  $8  million.  Now,  as  I  indi¬ 
cated  in  1973,  alternate  power  source  R.  &  D.  expenditures  are  up  to 
$26.5  million.  A  good  portion  of  that  is  designed  to  meet  long-range 
Govemmmt  requiremoits  in  the  public  interest.  You  pwple  in  Con¬ 
gress  speak  for  the  public.  You  are  the  ones  who  have  to  indicate  what 
the  long-range  goals  should  be  and  we  have  to  react.  So  it  is  in  part 
a  reaction  rather  than  being  based  completely  on  our  initiative. 

Mr.  Symington.  In  other  words,  the  curve  of  your  R.  &  D.  invest¬ 
ment  apparently  goes  up  with  Government  interest  and  presumably 
would  tend  to  decline  without  it. 

Mr.  Jensen.  Correct.  Naturally,  we  have  an  overriding  interest 
obviously  in  being  competitive.  We  want  to  come  out  with  the  best 
alternate  power  ^stem  before  Chiysler  and  General  Motors.  We  want 
to  have  the  best  fuel  economy  and  lowest  cost  and  so  forth.  That  is  our 
overriding  interest  but  we  react  to  Government  interest  too. 

Mr.  Symington.  Thank  you. 

Mr.  Brown.  Mr.  Chairman,  may  I  ask  just  one  clarifying  question. 

Mr.  Jensen,  this  is  somewWt  peripheral,  but  not  entirely.  I  am 
interested  that  you  indicated  you  are  doing  some  research  on  batteries. 

Mr.  Jensen.  Yes,  sir. 

Mr.  BimwN.  Could  you  provide  the  committee  with  some  additional 
information  on  your  work  in  developing  these  batteries.  And  I  ask 
you  also  if  the  company  has  given  any  tho^ht  to  the  possibility  that 
there  might  be  at  least  a  small  but  growing  market  for  a  battery- 
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powered  vehicle  in  certain  areas  of  cities  which  might  be  limited  to 
ac(^  by  a  low-powered,  limited  velocity,  vehicles  only,  and  from 
which  internal  ccnabustion  en^es  mij^t  be  prohibited.  And  believe 
it  or  not  there  will  be  increasing  nomrars  of  such  communities. 

Mr.  JcxffiEK.  We  will  be  glad  to  supply  ^at  information,  Mr. 
Brown. 

Mr.  Frank  K.  Hauuill,  Jr., 

Committee  on  Science  and  AetronauUet,  Sonet  of  Repreeentativet,  Suite  tStl, 
Rayburn  Bouae  Office  BaUdttv,  Waehinffton,  D.C. 

Dear  Hr.  Bakuhx  :  1  am  responding  to  the  qneetl<ms  posed  in  yonr  letter  of 
June  17, 1»74. 

1.  Does  the  information  on  pages  108  to  100  of  the  February  4,  5,  and  6  hear¬ 
ings  of  the  Subcommittee  match  the  Information  in  your  own  flies? 

There  are  some  inconsistencies  in  the  data  as  reflected  on  pages  103  to  109  in 
the  February  4,  6  and  6  Subcommittee  hearing  record.  In  this  regard,  we  have 
noted  the  appropriate  corrections  on  a  copy  of  the  respective  record  material 
which  is  attached  hereto. 

2.  Do  you  have  an  estimate  of  the  future  expenditures  of  your  company  in 
the  same  categories  that  are  listed  in  our  February  hearing  record? 

We  cannot  realistically  forecast  expenditures  on  such  a  deflnltive  category 
basis.  Generally,  wherever  we  And  It  necessary  to  portray  such  projected  data 
we  do  so  In  terms  of  current  year  expenditures  adjusted  to  reflect  anticipated 
Inflationary  trends. 

3.  What  mileage  goals  does  your  company  have  for  earii  category  of  vehicle 
that  yon  market,  using  the  EPA  mileage  test  cycle? 

Mileage  goals  for  each  carUne/englne  fttmlly  conflgnration  are  established 
as  a  function  of  our  dty-anbnrban  driving  cycle  and  other  performance  criteria. 
We  believe  that  the  EPA  mileage  test  cycle,  especially  as  used  during  the  1974 
model  year.  Is  totally  nitmn  oriented  and  therefore  not  fully  representative  of 
overall  normal  driving  patterns.  The  EPA  has  amended  this  test  cycle  in  1975  to 
include  a  'iilghway"  test  sequence  and  we  are  presently  evaluating  this  revised 
methoddogy. 

As  you  may  know,  we  have  initiated  a  number  of  broadly  based  product  im- 
provemmit  actions  designed  to  reduce  fuel  consumption  through  car  and  truck 
component  innovations,  weight  reductions  and  new  small  vehicle  programs.  The 
new  Mustang  II  In  1974,  the  soon  to  be  introduced  mid-sise  Granada  and  Monarch 
vehicle  lines  as  well  as  product  features  such  as  the  widespread  use  of  radial 
ply  tires  serve  to  demonstrate  Ford’s  overall  commitment  to  fuel  economy 
measures.  In  addition,  fuel  economy  related  changes  to  engine,  axle,  transmission 
and  carburetor  componentry  are  planned  or  under  investigation  for  1975  and 
future  model  years. 

4.  Does  your  company  have  any  vehicle  weight  goals?  If  so,  what  type  of 
weight  mix  do  you  anticipate? 

One  rather  basic  goal  of  future  product  programs  Is  to  maximise  interior  room 
and  comfort  levels  as  well  as  handling  and  ride  characteristics  within  certain 
design  objectives  sndi  as  smaller  overall  exterior  dimensions,  lighter  total  ve¬ 
hicle  weight,  and  of  course,  better  overall  fuel  economy  performance.  Conse- 
quentty,  rather  speclflc  wright  goals  are  established  as  part  of  the  initial  approval 
*****  program.  These  weight  objectives  are  closely  moni- 

tor6u  thiOQiriioat  tli6  product  dcvelf^xiicnt  process  from  the  very  early  plazmiJiK 
stages  througdt  the  finalisation  of  the  product  packages.  In  addition,  weight  reduc¬ 
tion  programs  are  constantly  pursued  for  short-term  application  with  respect  to 
various  design  improvements  and  the  increased  substitution  of  ll^t  weight  mate- 
rirt  for  tte  more  conventional  ones.  We  anticipate,  therefore,  that  excluding  the 
weight  effe^  that  may  occur  as  a  result  of  government  mandated  programs,  the 
average  w^ht  of  our  new  vehicles  will  de<dlne  in  future  years  both  as  a  result 
of  new  vroight  reduction  product  innovations  and  a  more  pronounced  small  car 
market  orientatlim. 

&  What  restraints  does  your  company  face  «m  phasing  in  the  stratifled  rirnrge 
engine? 

A  major  restraint  preriuding  the  timely  phase-in  of  the  stratifled  charge 
engiM  ia  the  u^rtainty  of  future  NO,  mtission  standarda  As  I  Indicated  in 
my  testtojmy  “The  introduction  of  such  an  engine  (CVCC  prechamber)  is 
practical,  incidentally,  only  if  a  NOx  standard  of  no  less  than  2  gpm  Is  assured 
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tw  m  MAdcBt  namber  at  year*  to  allow  recoTexy  of  inTOotineiit  costa  to  mass 
pradDoe  SBch  aa  mciao.  As  tbe  Parent  of  onr  Ckmipaiiy  reported  to  the  Senate 
SobcoouBittee  on  Air  and  Water  Pcdlntion  over  a  year  ago,  aasumlng  snccesafnl 
deydopmait,  soCh  a  dei^  coold  be  incorporated  on  one  mgine  line  (000^000 
T^dea)  about  three  model  yean  after  flm  eatablldunent  of  a  reasonable  long 
range  NO«  standard.  I  can  report  today  that  to  date  onr  develf^ment  program 
has  been  soccessfol,  althon^  there  are  still  some  technical  and  econmnlc  prob¬ 
lems  to  be  resolved.  Unfortunately,  no  congressional  action  has  yet  been  taken 
to  set  the  long  term  NO.  standard  at  the  reanlred  level.” 

d.  What  time  frame  for  production  does  yonr  company  see  for  the  various 
altmnative  techniriogies  that  your  statemmit  referenced? 

Aamuning  the  estahllsliment  of  a  long  range  2.0  NO.  standard  as  noted  above, 
a  stratmed  charge  engine  could  be  produced  on  a  limited  basis  by  tbe  1978-70 
model  y«nra  The  “in  production”  time  frame  for  other  alternative  propulsion 
systmns  is  as  fidtows : 

Turbines— Mid  to  late  lOSO’s. 

Stirltng— Hid  to  late  1980^ 

Bamdue— No  idans. 

Botary— No  plans, 
fflectrlc— Late  VKXtn  if  at  all. 

Diesel— Sarly  198(KB. 


7.  Ooold  yon  explain  why  the  domestic  automobile  manufacturers  in  the  United 
States  all  market  basically  the  same  engine  types^  while  foreign  manufacturers 
manufacture  varying  engine  types?  In  other  wordA  why  is  there  not  a  mix  of 
propnlshm  ayntems  and  engines  from  the  U.8.  manufacturers? 

l%e  contention  that  for^gn  manufactures  offer  a  greater  variety  of  propul¬ 
sion  systems  than  their  U.8.  counterparts  is  somewhat  overstated.  As  a  weld- 
wMe  preposition,  the  internal  combustion  engine  remains  U'e  primary  source 
at  automotive  pcopulsioo.  For  most  other  en^e  configurations,  such  as  the 
Wank^  the  OVCC,  and  the  diesri  powerplants;  it  should  be  noted  that  the  former 
are  of  recent  origUi  and  power  only  a  very  minor  portion  of  the  world’s  total 
vehicle  population.  Furthermore,  due  to  circumstances  noted  in  my  testimony, 
such  as  an  overly  stringent  U.S.  NO.  standard,  poor  fuel  ectwomy  characterls- 
tlcs^  or  the  myrtad  of  problmns  associated  with  diesel  operation,  these  respective 
powerplants  simply  are  not  yet  suitable  for  tbe  U.S.  inarket  Also,  it  should  be 
noted  ttast  where  a  particular  engine  development  simply  doesn’t  work  out  in 
the  U.S.  market,  a  foreign  based  manufacturer  can  ^ther  absorb  the  product 
in  his  “home”  market  or  otherwise  limit  bis  overall  financial  liabilities. 


Beepectfhlly  submitted, 


D.  A.  JanssiT. 


Attadunent 


nie  three  largest  domestic  automobile  manufacturer^  Chrysler,  Ford  and 
General  Motors,  have  expended  $422.6  million  in  1972  and  $737.3  million  in  1973 
(estimated)  on  emlssiofw  contnd  research  and  devd«qwient  or  a  total  $1.16 
btmoB  in  the  last  two  years.  The  largest  portion  of  this  amount  was  expended  for 
capital  itnns,  equipnient  and  facilities,  needed  for  tbe  production  and  assemUy  of 
endasions  control  devices,  especially  catalytic  converters.  In  addition,  expended 
teat  and  research  facilities  for  emissions  control  were  included  in  tbe  caidtal 
expenditures.  Table  1  summarises  the  emissions-reiated  expenditures  by  the 
largest  domestic  manuiactnms  and  compares  them  with  total  research  and 
development  expenditures.  It  rtiows  that  capital  expenditures  were  29%  and 
46%  of  total  endselons  expenditures  in  1972  and  1973,  respectively. 

Over  $19  n^ilon  in  1972  and  $30  million  in  1973  were  reported  by  tbe  mann- 
factuTRs  specUlcaily  for  catalytic  converter  reseanfii.  The  actual  amount  is 
much  higher  than  that,  bowever,  because  most  of  tbe  m«»ey  expmided  by  Ford 
on  enginemrlng  dev^opment  of  the  catalyst  was  included  in  1976/76  control 
system  developm«it  and  the  catalyst  portion  cannot  be  separated  from  the  total. 

Emissions  expenditures  were  utilised  for  projects  resting  to:  (1)  equip¬ 
ment  and  engine  development  directed  towards  meeting  the  statutory  standards 
for  hydrocarlMHis  (HC),  carbon  monoxide  (CO),  and  oxides  of  nitrogen  (NO.) ; 
(2)  basic  antssions  research,  (3)  testing  and  certification  of  production  v^ides; 
(4)  research  on  advanced  emlsrion  component^  Incladtog  catalytic  cmvnters; 
and  (6)  research  on  alternate  power  sources.  Detailed  IlstlngB  of  expenditures 
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by  indlTidiuil  projects  are  attached  for  each  of  the  three  major  dtHneetIc  mann- 
fhctuiers ;  the  exalts  are  from  the  manufacturers’  Applicatloa  for  Suapmeion 
of  the  1976  Automobile  Exhaust  Emissions  Standards. 

TABLE  1.-SUMMACY  Of  EMISBIOHS  EXfENDITURES 


Total 


1967 

1969 

1969 

1970 

1971 

19’2 

1973  > 

1967-73 

(poicont) 

Tntil  nnNsiinni  npnndilunt  (rnRUnns  nf 
dolltfi)  (indudm  eapHil  sptndliii}; 

Qtmnl  Moton . 

51.2 

39.7 

65.0 

119.9 

191.6 

237.9 

350.7 

1.047(53) 

Ford . 

50.7 

35.6 

52.7 

67.0 

131.9 

164.9 

340.1 

943(42) 

Cliiysinr . 

2.9 

4.4 

6.6 

9.0 

14.4 

19.9 

46.5 

104(5) 

Tow . 

104.9 

79.7 

124.3 

195.9 

327.9 

422.6 

737.3 

1.994 

Capital  axpandituras  (millions  of  Mlars): 

GiMral  Motors . 

27.2 

6.5 

13.9 

38.9 

U.9 

90.0 

203.7 

437.0 

Ford . 

27.3 

9.3 

16.4 

15.5 

41.6 

33.0 

131.1 

274.2 

Chtyslw . 

P) 

P) 

P) 

0.3 

1.0 

1.2 

3.4 

>17.7 

Totol  amissions  as  a  parcont  of  total 

R.  A  0.4: 

Gomral  Motors . 

3.6 

4.5 

5.9 

9.S 

14.0 

15.6 

110  . 

Ford . 

7.2 

7.2 

9.5 

11.5 

17.5 

21.1 

26.3  . 

CtiiyiMr . 

4.0 

4.7 

6.3 

10.6 

14.9 

15.0 

20.9  . 

Total  R.  A  0.  (mUlloiu  of  doHtia): 

Cmnoral  Motors . 

664 

763 

952 

909 

900 

9tt 

970  . 

Ford . 

325 

359 

423 

453 

513 

121 

796  . 

Chiyilor . 

76 

94 

95 

92 

90 

124 

150  . 

•  1973  oxpsaditurta  ara  estimalad. 

•  Nsta^blo. 

>1970-73. 

<  Ooti  not  inclodo  capital  axposdituras. 

TABLE  2.-ALTERNATIVE  POWER  SOURCE  RESEARCH  DIRECT  EXPENDITURES 
|ln  millions  of  doHan) 


1967 

1969 

1968 

1970 

1971 

1972 

1973 

Total 

1967-73 

Gincral  INatgn. .  . 

1.64 

4.74 

9.46 

11.33 

19.92 

20.90 

23.69 

99.59 

Ford . 

4.91 

4.97 

6.56 

7.97 

12.99 

2a  33 

2155 

91.92 

Ctiryalar . . . 

HA 

HA 

HA 

.10 

.30 

.80 

3.5 

4.70 

Total 


Ttpbb  of  Altcbnattvis  Powxa  Sysibms 

1.  O.M. — Banklne  cyde  (steam),  stratified  charge,  electric,  gas  turbine,  Stir¬ 
ling,  rotary,  and  Honda  CVCC  evaluation.  “GM's  expenditures  for  emissions  con¬ 
trol  apifiicahle  to  the  rotary  engine  do  not  include  the  approximately  $50  million 
forecast  to  be  paid  over  the  period  1970-1976  for  the  rights  to  produce  this 
engine.” 

2.  Fori. — Stratified  charge  (PBOCO  and  fast  bum),  diesel,  RanUne  cycle, 
Stirling,  rotary,  turbine,  pre-chamber  siiark-ignlted,  and  auxiliary  power  units 
(APU). 

3.  Chrvtler. — Gas,  Turbine,  Rankine  cycle,  TCCS  evaluation,  Brayton  cycle, 
rotary,  and  Honda  OVOO  evaluation. 
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Hon.  Gbobob  E.  Bbown,  Jr., 

Committee  on  Scienee  and  d.«trona«Mc«,  Boute  of  Refireeentativei,  Suite  2S11, 
Baybnm  House  Office  BuHdiug,  Washii^on,  D.C. 


Dbab  Mb.  Bbown  :  In  reading  the  transcript  of  the  hearing  before  the  Subcom¬ 
mittee  on  Space,  Science  and  Apf^cations  of  the  Committee  on  Science  and 
Astronautics  on  June  12, 1274, 1  was  impressed  with  one  of  yonr  statements.  You 
said  on  page  S47 : 

“Now,  I  think  our  purpose  in  drafting  this  legislation  Is  to  try,  with  the  help 
of  witnesses  such  as  yourself,  to  create  a  framework  within  which  this  can  be 
utUiaed.  Frankly,  I  do  not  consider  the  legislation  to  be  perfect.  I  think  it  would 
be  more  desirable  instead  of  the  rathmr  blunt  n^andate  which  the  bill  gives  to 
develop  ground  propulsion  systems  which  are  energy  conserving  and  have  clean 
emission  characteristics  that  we  ought  to  soften  that  a  little  bit  and  indicate 
that  their  authorisation  shall  extend  to  research  and  development  aimed  at  solv¬ 
ing  problmns  in  these  areas  in  coordination  with  or  under  the  directitm  of  the 
appropriate  agency  dealing  specifically  with  the  emission. 

“But  I  think  those  kinds  of  changes  In  the  legislation  can  be  readily  made  if 
we  agree  that  there  is  a  problem  and  that  NASA  has  the  capability  to  solve  it  and 
it  ought  to  be  engaged." 

This  is  an  excellent  expression  of  the  feeling  we,  at  Ford  Motor  Cmnpany,  have 
in  respect  to  H.B.  10892.  We  would  endorse  your  statement  and  support  your 
proposal.  Your  suggestion  provides  a  means  of  utilizing  the  capability  of  NASA 
in  coordination  with  other  appropriate  government  agencies  which  have  been  as¬ 
signed  specific  tasks  by  Congresa 

If  you  wish,  this  letter  can  be  utilised  in  the  record  of  the  bearing. 

Thank  yon  for  your  courtesy  and  consideration. 

Sincerely, 


D.  A.  Jensen. 


Mr.  Oeobob  E.  Bbown,  Jb., 

Committee  on  Science  and  Aetronautice, 

Bouse  of  Representatives, 

Washington,  D.C. 

Deab  Mb.  Bbown  :  At  the  hearing  of  the  Subcommittee  on  Space,  Science  and 
Applications  of  the  Committee  on  Scioice  and  Astronautics  you  asked  for  further 
informatimi  regarding  Ford  Motor  Company’s  research  on  electric  powered 


vehicles. 

In  our  Judgment  in  order  to  develop  electric  vehicles  with  reasonable  broad  use¬ 
fulness,  it  is  necessary  to  have  batteries  with  improved  energy  storage.  Therefore, 
the  Ford  program  has  been  aimed  mainly  at  the  develi^nnent  of  a  sodium-sulfur 
battery  which  in  our  Judgment  has  the  best  potential  as  an  energy  source  for 
electric  vehicles. 

I  am  enclosing  the  text  of  remarks  made  by  Dr.  Dale  W.  Compton',  Vice  Presi¬ 
dent,  Scientific  Research  Staff,  Ford  Motor  Company  at  the  RANN  Symposium, 
National  Science  Foundation,  Washington,  D.C.,  November  19, 1973.  This,  I  think, 
is  responsive  to  your  inquiry.  This  can  be  put  in  your  hearing  record  if  you  desire. 

Under  separate  cover  I  am  forwarding  to  Frank  Hammill,  Jr.,  Committee 
Counsel,  several  rather  lengthy  reports  on  our  research  and  development  efforts 
on  electric  vehicles,  l^ese  may  be  useful  as  reference  documents. 

If  I  can  be  of  farther  assistance,  please  feel  free  to  call  on  me. 

Sincerely, 

D.  A.  Jensen. 
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News  Release 

Research  an4  Engineering  Center.  Dearborn,  Mich.  48121 

TMephone:  (318)  322-6800  DWPlAlg 

Following  la  the  text  of  reearks  by  Dr.  V.  Dale  Coapton,  vice  president  • 
Scientific  Research,  FOrd  Motor  Coapai^,  at  the  RjUfN  Syaposlua,  Rational  Science 
Foundation,  Washington,  D.  C. ,  Hovanber  19,  1973s 

The  energy  crisis  is  probably  the  nost  discussed  topic  in  the  news  these 
d^s  ~  and  for  good  reason.  It  touches  evezTone.  WeWe  been  told  that  the  Qnlted 
States  should  expect  severe  heating  oil  shortages  this  winter  and  gasoline  shortages 
appear  likely  this  winter  and  certain  by  next  siasser.  With  every  new  day,  consuser 
coupon  rationing  of  gasoline  and  heating  oil  is  being  discussed  more  actively. 

Even  as  recently  as  a  year  ago,  aost  of  us  wouldn't  have  predicted  that 
before  the  end  of  197^,  we  ml^t  be  forced  to  acconsodate  to  the  unpleasant  task  of 
readjusting  our  way  of  life  to  this  drastic  change  in  energy  availability. 

And  not  only  will  personal  coafort  be  affected  In  the  years  ahead,  but  also 
our  manufacturing  productivity  will  be  hit  hard.  With  world  snergy  consumption 
expected  to  double  fay  the  1980'a,  we  must  look  at  every  alternative  for  expanding  our 
energy  resources. 

We  In  the  automobile  business  often  are  asked  why  we  haven’t  built  electrically- 
powered  vehicles  to  alleviate  the  problem  of  exhaust  enissions  and  now  to  combat  the 
shortage  of  gasoline.  First,  and  as  we  will  discuss  further  in  a  moment,  the  performance 
of  presently  feasible  electric  vehicles  just  does  not  measure  up  to  the  performance  of 
vehicles  powered  ty  internal  cOTibustion  engines.  It  simply  cannot  perform  on  the 
higlway  in  a  fashion  that  is  typical  of  the  standard  gasoline-powered  vehicle. 

As  for  emissions,  the  traditional  answer  is  that  electric  vehicles  would 
merely  transfer  the  pollution  problem  frcm  the  vehicle  to  the  electrical  generating 
plant.  Therefore,  converting  to  electric  vehicles  would  result  in  no  net  benefit.  This 
answer  is  really  a  olt  coo  simple.  Whether  it  is  cheaper  and  easier  to  reduce  pollutants 
at  a  central  power  generating  station  or  in  the  exhaust  of  each  vehicle  Is  a  complex 
probloa  for  which  there  is  probably  no  single  best  answer. 
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3uah  faetori  as  tha  nature  and  eztnt  of  the  fuel  wpplieaf  the  tjpe  and 
concentration  of  the  pollutanta  that  can  be  tolerated,  the  location  at  ^cb  the 
pollutanta  are  enitted,  the  local  neteorological  conditione  and  the  statue  of  the  various 
control  technologies  nuat  be  considered. 

Within  the  present  technology  of  electric  and  internal  coabustion»powered 
vehicles,  the  overall  systen  efficiency,  as  aeasured  by  the  fraction  of  the  energy  in 
the  prlnary  fuel  that  is  converted  to  useful  torque  at  the  wheels  of  a  vehicle,  is 
essentially  the  sane. 

Clearly,  if  significant  inprovenents  are  nade  in  the  efficiencies  of  any  of 
the  sub-elenents  —  either  in  the  generation,  transsdssion  or  utilization  of  electricity  — 
this  could  affect  the  attractiveness  of  electric  vehicles.  Thus,  we  mat  continue  to 
exsnlne  the  various  altematltves  for  energy  production  and  utilization  and  the  trade-offs 
that  are  possible  within  this  cco^lex  problesi. 

For  a  nuBber  of  years.  Ford  scientists  and  engineers  have  studied  the  aspect 
of  this  problea  that  deals  with  the  conversion  and  storage  of  electrical  energy  and  the 
extent  to  which  electricity  can  conpete  favorably  with  liquid  fuel  for  powering  vehicles. 

This  Bkomlng  I'd  lUce  to  discuss  with  you  the  developnent  of  a  new  storage 
systen  and  the  possible  advantages  that  it  can  offer  to  us  over  the  standard  lead*>acid 
battery  systen  in  both  the  storage  of  extra  electrical  energy  and  In  providing  energy 
for  mobile  vehicle  propulsion.  For  the  next  few  ninutes  let's  concentrate  on  the 
developmeot  of  a  new  battery  technology. 

As  a  basis  for  orientation,  we*ll  cc^^e  the  perfoniance  of  a  3»200-pound 
vehicle  when  propelled  by  either  an  internal  coabustion  engine  or  a  direct  current 
electric  notor.  This  weight  class  is  chosen  arbitrarily,  but  it  is  reasonably  represent 
tative  of  the  compact  class  vehicle.  71m  projected  operatii^  characteristics  are  shown 
in  the  two  colunns  on  the  left  of  Figure  1  for  an  electric  vehicle  with  lead-acid 
batteries  and  on  the  right  for  a  standard  2. 3*liter  internal  combustion  engine  with 


automatic  transmission. 


1 


city  Tahlela-Ftrfonanee 


,  .(MPQiifaJiBaaiata). 

SLeetrlo  Drlva 
(Lead-Acid  Batteryl 

■  IS 

Payload 

(tbs.) 

300 

800 

Motor 

30  hp. 

17  hp. 

2.3t 

w/Auto  Trana. 

Range  Per  Charge 
(Miles) 

.20  mph 

1)8 

58 

273 

.  City  Driving 

28 

V* 

233 

Acceleration 

Distance  in  10  Sec. 
(Ft.) 

365 

230 

373 

Figure  1 

tu  electric  vehicle  with  the  characteristics  described  in  the  far  left  coluan 
has  reasonably  high  perfonnance,  as  neasured  by  the  maximal  distance  traveled  in  ten 
seconds,  starting  firm  rest,  ka  this  suggests,  it  is  technically  possible  to  build  an 
electric  vehicle  that  is  essentially  e<\ulvalent  to  the  internal  combustion  vehicle  by 
this  single  criterion,  but  the  range  and  payload  of  the  electric  vehicle  are  very 
limited.  The  middle  coluan  indicates  the  limited  trsde..off8  that  can  be  effected 
betueen  performance  and  range  for  the  same  vehicle  —  still  pouered  with  lead-acid 
betteriea.  Not  only  are  the  range  and  payload  of  this  vehicle  limited,  but  it  uould 
have  unacceptable  performance.  The  coluan  on  the  right  gives  the  data  for  this  vehicle 
weight  when  powered  by  an  internal  ccobuatlon  engine.  Obviously,  neither  of  the  electric 
vehicles  has  the  desirable  operating  characteristics  of  the  internal  combustion  engine. 

Figure  2  presents  the  projected  operating  costs  for  these  same  vehicles.  For 
purposes  of  this  comparison,  the  gasoline  tax  has  been  reooved  from  the  figures  on  the 
right.  The  limitation  in  the  performance  of  the  electric  vehicle,  although  somewhat 
affected  by  motor  design  and  oontroller  design,  is  detenlned  almost  entirely  by  the 
battery  system.  This  poor  performanca  can  be  traced  directly  to  the  problem  of  bow 
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■oob  battaiy  Might  can  ba  aoeaaaodatad  in  tha  elaetrle  Tahicls.  Thua,  it  relates 
dlreotljr  to  the  low  energy  danalt;  of  tha  laad-aotd  hattary.  The  total  operating  cost 
of  tha  ^ratea  also  is  affected  strongly  by  tha  relatively  llalted  nuaber  of  charges  and 
discharges  that  the  lead-acid  batteries  csn  sustain,  for  this  deteiaines  the  battery 
llfetlae.  This  leads  us  to  believe  that  only  through  the  developaent  of  battery  systeas 
superior  to  those  of  lead  acid  can  a  major  sdvsnceaent  in  electric  propulsion  be 


achieved. 


City  Vehicle-Operating  Costs 
(1200  Lb.  Gross  Wgt.) _ 


Electric  Drive 

(Lead-Acid  Battery^  ICE 


Motor 

30  hp. 

17  hp. 

2.3L 

u/Auto  Trans. 

Fuel  Cost 
(c/Ml.) 

1.1» 

0.9» 

l.U* 

Operating  Coat 
(c/ltl.) 

h.2 

3.8 

2.1 

Total  Vehicle 

Cost  (c/Mi.) 

8.3 

7.8 

5.6 

*Taxes  not  included 

Figure  2 


Hhat  are  the  potentlale  la  tens  of  a  cbealcal  storage  syeten? 

Figure  3  depicts  tbs  energy  densities  of  saa»  conon  systems  in  units  of  watt 
hours  per  pound.  The  higher  the  energy  density,  the  less  battery  weight  that  one  needs 
for  a  given  perfomanca. 


taartr  Caaaiti**  of  Saao  rrT«  Sfataa 


Load- Acid 

Silvor-Zlno 

Sadlu»-Sulfur 

Zlnc-OxygoD 

UthiuB-Sulfur 

tlthluB-Copper  Flourlde 

LlthluB-Chlorlne 

GaaoUne 


Theoretical 

Actual 

1*9 

10 

230 

50 

350 

100*  j 

1*95 

60*  ! 

660 

100» 

61*6 

100 

990 

250  j 

6000 

1200 

•Projocted 


Figure  3 


Starting  with  lead  acid,  we  find  the  energy  density  in  watts  per  pound 
increasing  as  we  progress  froD  the  le&d-acid  system  to  the  sodium  sulfur  system  and 
finally  to  the  lithium  chlorine  syatemi.  For  purposes  of  comparison,  the  energy  density 

e 

for  gasoline,  which  is  subatantislly  greater  than  that  of  the  battery  systems,  also  is 
given.  Even  though  the  energy  density  of  gasoline  cannot  be  achieved  by  the  chsgslcal 
storage  systems  described  above,  a  factor  of  ten  improvement  in  range  would  make  the 
electric  vehicle  much  more  attractive.  An  improvement  in  energy  density  of  the  battery 
system  by  this  factor  over  lead  acid  would  enhance  materially  the  attractiveness  of  the 
electric  vehicle.  This,  in  fact,  sens  poaslble.  There  are  other  conalderationa, 
however. 

In  addition  to  the  energy  density,  the  battery  system  must  have  a  high  power 
density,  a  long  life  («dilcb  means  many  charges  and  discharges)  snd  low  cost. 

Let  me  now  mention  very  briefly  the  role  that  energy  storage  devices  csn  play 
in  improving  the  efficiency  of  electrical  generating  and  transmission  systems.  Improved 
efficiency  for  the  electrical  generating  aystam  can  be  achieved  by  operating  It  near 
peak  power  at  all  tlmaa  with  a  capability  for  storing  any  electrical  energy  that  is  not 
needed  Imedlataly.  Thus,  the  overall  efficiency  for  power  generation  is  improved  if 
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m&rgj  oan  b«  g«Mrtt»d,  Mqr  «t  alchif  for  oao  duriag  tJM  pook  rtitnrt  perioda  that  occur 
durlaf  tba  day.  loprovanta  in  anargy  aad  powar  daaaity  and  Ufatina  of  battariea  ovar 
that  arailabla  trcm  laad-acid  battailaa  ara  alao  naadad  for  powar  ayatw  appllcatlona. 
Thuat  tha  oritarla  for  tba  battarlaa  ara  vary  alBilar. 

Aftar  a  thorough  atudy  of  tha  varioua  poaaibla  battary  ayataaw,  wa  concludad 
that  tba  aodium  aulfur  ayataa  of fare  tha  baat  ehanca  of  achieving  all  of  tba  objactivaa 
wa  aaak  and  thua  of  providing  laprovad  capability  for  both  electric  propulaion  and 
power  ayataa  peak  load  leveling. 

Tha  davalopnant  of  the  aodiuB  aulfur  battary  began  at  Ford  Hotor  Company  a 
decade  ago  —  in  1963.  During  this  tan-year  apan^  wa  have  been  coneamad  with  the 
(  daval^aMnt  of  anglnaaring  prototypaa^  aa  well  as  with  undaratanding  tha  fundamental 

■achaniama  that  take  place  in  thia  ayatam. 

Figure  4  llluatratea  the  nat\ire  of  tha  aodium  aulfur  battary  and  shows  how  It 
differs  from  tha  laad-acid  battery.  On  tha  left  is  a  diagram  of  the  standard  lead-acid 
battery  with  solid  electrodes  of  lead  and  lead  dioxide,  separated  by  sulfuric  acid,  the 
liquid  electrolyte.  On  discharge,  the  energy  ia  extracted  fay  the  external  circuit  and 
both  the  alactrodea.  undergo  chaadcal  change.  The  number  of  charges  and  discharges  are 
limited,  at  least  in  part,  by  Irreversible  changes  that  take  place  in  the  electrodes. 

—  lead  acid  vs  sodium  ^lfur  battery 

Laod  AcW  Storoge  Boftery  Sodium  Sulfur  Bottery 
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Bf  oontrutf  tha  aodiia  aulfur  battarjr  bu  liquid  elaetrodas,  aodlua  and 
aulfur,  uhlob  ara  aaparatad  bj  a  aolld  alaetrolyta  —  a  form  ot  eanaie  known  aa  bala- 
altaUna.  Durlnc  dlaebarca,  a  aodlua  atoa  glraa  up  an  alaetron  to  tba  external  circuit, 
■Igrataa  tbrough  tha  aolld  elactrolyte  and  raacta  with  the  aulfur  on  the  other  aide  to 
font  a  conpound  of  aodlun  and  aulfur.  Ideally,  there  la  no  chaadcal  or  phyaleal  change 
that  takea  place  In  the  caraKlc  electrolyte  during  the  charge  or  dlacharga,  and  the 
chaalcal  changea  of  tha  alectrodaa  ara  eo^lately  rereralble.  The  cbaractarlatlca  of 
the  Inert  electrolyte  nake  poaalble  Important  trade-offa  between  the  energy  and  power. 

In  the  aodlun  aulfur  battery,  tha  total  atorad  energy  depanda  only  upon  the  total  weight 
of  tha  aodlua  and  aulfur,  whereaa  the  power  danalty  la  related  directly  to  tha  total 
aurface  area  of  the  earole  electrolyte. 

For  a  vehicle,  tha  atored  energy  la  related  directly  to  tha  achievable  range; 
whereaa,  tha  power  danalty  la  related  to  the  achievable  acceleration  of  the  vehicle. 
Since  one  of  the  noat  axpanalve  coaponanta  of  the  battery  la  the  ceranic  electrolyte, 

It  will  be  advantagaoua  eeononleally  to  tailor  thla  battery  to  the  anount  of  ceraalc 
that  la  uaad.  Vhere  weight  la  critical,  aa  in  the  vehicle,  a  high  energy  and  power 
danalty  la  required. 

The  objectlvea  of  the  developnent  of  the  aodlun  aulfur  battery  are  ahotas  in 
Figure  5.  For  electric  proimlalon,  we  believe  we  need* 

.  An  energy  danalty  of  100  watt  houra  par  pound 
.  1  power  danalty  of  100  watta  per  pound 

.  A  durability  of  five  yeara  (which  can  be  axpraaaad  In  tema  of  a  dealred 
charge  and  dlacharge  of  about  one  thouaend  cyclaa)  and 

.  A  coat  of  apprOxlnately  two  to  three  dollara  per  pound 


304 


-  8  - 


SodluB  Sulfur  Batturjr 
DTdloc—nt  OMdctlwa 


asctrle  Vehicles 

r.oad  Lave^tny 

Baargy  OaBslty 
(Uatt  Hrs.Ab.) 

100 

25 

Power  Dansl^ 

(UattA-b. ) 

100 

25 

Durability 

(*rs.) 

5 

(lOOO-Cycles) 

25 

Cost 

(l/Kwfar. ] 

20 

5-15 

Figure  5 


For  power  systen  load  leveling,  we  believe  the  energy  denalty  and  power 
danalty  can  be  aoMwbat  lower  alnca  wel^t  la  not  such  a  probles.  However,  the  dur¬ 
ability  abould  be  about  tuenty-flve  yaare>  He  project  the  desired  coat  for  this  appli¬ 
cation  to  be  between  five  and  fifteen  dollars  per  kilowatt  hour  of  stored  energy  — 
sneewhat  lower  than  the  projaoted  coat  of  batteries  that  are  to  be  used  for  electric 
propulsion. 

As  with  any  new  application,  several  problees  aust  be  solved  before  this 
ayatsB  can  beooas  operational.  The  sodlus  polysulfide  salt  which  results  from  the 
chsBlcal  reaction  of  sulfur  and  aodiua  is  oorrosive  and  proper  natarials  wet  be 
developed  for  Its  contalpBent  at  the  S7?°F  tsatperature  that  is  needed  to  maintain  the 
electrodes  In  a  liquid  form.  Thermal  insulation  and  careful  control  of  the  temperature 
must  be  provided.  loaxpanslve  processing  methods  for  the  manufacture  of  the  ceramic 
have  wt  yet  been  developed.  Although  tbs  initial  work  indicates  that  none  of  these 
problems  are  insuimouhtabls,  we  have  a  long  way  to  go  to  make  this  a  coaaerclal  system. 
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Flgur*  6  ooaparM  t)M  parfonMiie*  of  m  intornal  ooBbustlon  englno 
vltb  an  Aaetrlc  trahlelo  oq^ppod  with  tha  tppo  of  aodlua  lulfur  battery  that  will  aaat 
oar  objaetlToai  Tou'U  ootloa  that  for  a  ooiparabla  parfonaanea,  c«  datenliiad  by  tha 
aooalaration,  a  ranee  can  ha  aohlarad  that  la  at  laaat  aa  large  aa  that  of  an  Intainal 
eoatuatlon  angina  with  a  nonal-aliad  tank  of  gaaoline. 


City  Vahlele-Perfotnanca 
(3200  Lb.  OroaaWBt.) 

EXeetrie  Drlvo 
(SodiuB  Sulfur  Battorv^ 

ICE 

Payload 

(Lba.) 

300 

800 

Motor 

30  bp. 

2.3L 

w/Auto  Trana. 

Kanga  Per  Charge 
(HUea) 

.20  qih 

J(83 

273 

.City  Driving 

2B0 

233 

Acceleration 

Dlatanee  In  10  Sec 
(Ft.) 

365 

365 

Flsure  6 

373 

373 

An  eatiaate  of  the  operating  coat  of  this  vehicle  Is  given  in  Figure  7. 

dtr  Vahlele-Operatlng  Coata 
(3200  Lb.  Groaa  «gt.) 

Electric  Drive 
^Hndiiaf 

m 

Motor 

30  bp. 

2.3L 

v/Auto  Trans. 

Fuel  Coat 

(o/Hl.) 

1.0» 

Oparatlng  Goat 

(cAu.) 

1.7 

2.1 

Total  Vehicle  Coat 

(cAa.) 

d.2 

5.6 

*Taxas  not  includad 


Figure  7 
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attend  th*  oparatlac  ooat  p«r  ail*  amma  to  ooapar*  fnonblj  with  that  of 
tbo  latonal  Miciaa,  tha  total  vtiilelo  opantlng  ooat  par  alia  la  eltf  drlrlag 

will  ba  blfbar  »««■«—■—  wt  aapaet  tlw  ooat  of  tha  alaotrlo  aotor  ooatiollar  and  tha  aodlia 
■ulfur  battarr  ajaUm  to  ooatlaua  to  ba  highar  than  tha  ooat  of  aa  tataraal  eoabuatloa 
aeglat. 

Slaee  tha  coat  flguraa  of  oparatiag  aa  latamal  oaafauatloa  aeglBa  ara  takan 
froa  Dapartaaot  of  Traaaportatloa  (DOT)  data  aboulac  araragaa  for  tha  paat  tan  jaara, 
thay  don't  raflaet  raoaat  laoraaaaa  la  tha  ooat  of  gaaollna  and,  tharafora,  aoat  ba 
oonaldarad  low.  Slallarly,  tha  coat  of  aloetrloltj  la  onljr  an  avaraga.  igala,  to  aid 
la  tha  eoaparlaon,  tazaa  ara  raaorad  froa  both  tha  ooat  of  gaaollna  and  alaetrleity. 

Wa  ara  optlalatlc  about  tha  potaatlal  of  tha  aodlia  aulfur  battaxT-.  Ita 
aueeaaafhl  application  to  an  alaotrlc  rahlela  would  provldo  paifoiaaaca  la  tanu  of 
raaga,  durability  and  operating  ooata  that  would  eeiqiata  favorably  with  the  prasant-day 
coadnatloa  ayataa.  But  tha  alaotrlc  nhlela  atlll  will  hava  aai^  dafielanclas. 
•'  at  Flrat,  tha  payload  would  ba  laaa  than  that  of  the  gaaolina-powerad  vehicle 
alaply  becauaa  wa  aee  no  way  for  tha  energy  danalty  of  the  battery  to  ba  brou^t  up  to 
that  of  gaaollna.  Thla  would  aean  that  alaotrlc  care  could  acccaodata  fewer  paaaengera 
than  would  ba  tha  caaa  for  the  sane  groaa  wal^  vahiela  powared  by  an  Internal 
ocaboatlan  engloa.  Rovldlng  auxiliary  funotiona,  aueh  aa  heating  and  air  conditioning, 
will  dagrada  tha  overall  perfomanoa  of  tha  alaotrlc  vahlcla  aore  than  the  intemal 
coabuatlon  angina  vehicle. 

The  latlonA  Solanoa  Fauadatlao,  through  Ita  progrm  of  Raaaarch  aa  Applied  to 
■atlonal  Raada,  rocopilxad  that  tha  battery  la  a  vital  aub-aloBant  in  a  transportation 
ayataa  Involving  alactrleal  propulalon  and  in  electric  peak  power  etoraga. 

In  an  effort  to  the  raaaarch  in  thla  critical  area.  It  awarded  a 

contract  to  Ford  Motor  lo  Jbna  of  thla  year  to  puraua  the  appUoation  of  the 

aodlm  aulfur  battery,  aa  one  naana  of  attacking  the  anargy  crlala. 

Objeotlvoa  of  tha  reaaaroh  projeot  are  toi 


•  Dcralop  a  b«tt«r  uadaratandlag  ot  tte  lataraetliai  of  aulfur  and  sodlw  at 
tha  anrfaaa  of  tba  eanalo 

.  OataiBlaa  tha  optlaal  fgropartiaa  for  tha  oonduotln  eanaie,  and 

•  Dtfalop  low  ooat  tantwlgnoa  for  aaaa  production  of  that  eamie 

This  taaalo  uadarataadlac  la  to  ba  troBalatad  Into  piototjpa  ealla  that  will  bo 
taatod  undor  roallstlo  oondltloaa.  Tha  aaotract  uaa  uadartakan  aa  a  Joint  projaet  batwaao 
Ford  Motor  Ooaipaiqr  In  Daarbom,  Mleh. ,  and  tuo  aajor  ualvaraltlaa  —  tha  IhilTeralty  of 
Utah  In  Salt  Laka  City  and  Banaaalaar  PolytaebDle  Inatltnta  In  Troy,  I.  T.  Ilotfc  on  tha 
projaot  la  undar  nay  In  laboratorlaa  at  all  tbroo  loeatlona.  Cloaa  coordination  la 

through  fraquant  naatlngB,  and  a  aanlor  aanhar  of  tha  Ford  group  la  apaodlng 
197*k  at  tha  DhlTaralty  of  Ctah  uorfclng  ulth  tha  In  thalr  roaaarob.  Manbara  of  tha 


Ranaaalaar  PDlytaofanle  Inatltuta  group  ara  a:ipootad  to  apaod  tha 


or  nontha  at  tha 


Ford  laboratory*  Braiy  offort  la  balng  nada  to  aaaura  cloaa  Intaractlon  batwoan  tha 
varloua  actlaltlaa*  Ua  foal  that  atudanta  and  faculty  ara  a  vital  part  of  thla  raaaareh 


Va  ballova  thla  Intaractlon  batwoan  a  aajor  govartBent  aganey,  the  acadtalc 
ooHunlty  and  an  Induotrlal  laboratory  offara  groat  proalaa  of  devaloplng  a  new  technology 
that  will  banaflt  a  laaibar  of  problaai  areaa  for  a  wide  ranga  of  energy  uaera.  1  would  Ilka 
to  cloaa  by  apaniHng  Juat  a  nanaat  on  thla  point.  Va  ara  appalled  at  the  recant  pcjailar  and 
toobnloal  praaa  artlolaa  which  auggoatad  that  govarrnant  and  Induatry  and  univeraltlea  cannot 


work  togathar  aaceoaafully  for  the 


on  good  without  be  ng  iopioperly  Influenced  or  blaaad 


by  each  other.  Thla  auggaatlon  la  contrary  to  the  long  tradition  of  objective  acientific 
raaearob  and  In  view  of  today 'a  critical  energy  problena,  ahould  not  even  ba  entertained. 

It  la  Inperatlva  that  all  acfaolara  and  tachnlciana  who  can  contribute  to  eolving 
the  orlala  oonfronting  ua  aaploy  their  talanta  and  raaourcea  to  attack  the  pioblen 
affectively.  I  tm  convlncad  that  the  noat  effieioat  way  to  accoapliah  this  la  throu^ 
Joint  progTMM  in  which  each  participant  praaanta  bla  analyala  of  the  problan  to  hie 
fallow  participant  and  tbaraby  abarea  the  raaponalbllity  for  finding  tba  aolution  to 
the  tough  problou  wa  face.  Tina  la  too  abort  and  tba  problaaa  t^  aavare  to  quibble 
•boot  tha  poaalfalllty  of  one  aeiantlat  balng  Iqneparly  Influanoajl  by  another' a  thinking. 
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Ho  one  groi^  haa  all  the  talant  or  tba  eo^gilata  range  of  azparlence  to  produce  the 
reaulta  ao  urgently  needed.  When  the  dlrergent  vleua  of  how  to  aal''e  critical  applied 
probleaa  are  eepraaaed  In  the  reaeareh  and  early  davelopeant  phaaae,  algnlflcant  reaulta 
can  be  achieved.  Cooperative  reaeareh  —  In  which  the  beat  nlnda  of  our  unlveraitiea  and 
Induatry  are  brought  together  with  govenoant  agenclea  to  work  on  craBon  problau  —  la 
not  only  a  viable  but  an  eaaantlal  part  of  aolving  our  energy  probleu. 

It  la  our  fervent  hope  that  political  conalderatlona  will  not  preclude  the 
developaant  of  fruitful  Interactlona  aaong  Induatry,  unlveralty  and  govenaent,  for  we 
believe  thla  la  a  highly  productive  force  that  can  nake  a  concerted  attack  on  the  najor 
applied  problcna  that  are  critical  to  our  nation* a  future  well-being. 
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Mr.  Stionqton.  Thank  you,  Mr.  Brown,  and  thank  you,  Mr.  Jensen. 
Our  final  witness  r^teaenta  General  MotMs  Coip.  He  is  Mr.  Bmest 
&  Starkman  and  is  rice  president,  environmental  activities  staff.  He 
joined  General  Motors  in  1971  after  many  years  on  the  faculty  at  the 
University  of  California  at  Berkeley.  Mr.  starkmim  has  had  many  ccm- 
sulting  positions  with  the  California  and  Federal  Governments  and  is 
the  autkor  of  more  than  100  technical  papers  on  automotive  engines 
and  related  subjects. 

Mr.  Starkman  is  accompanied  by  Dr.  William  G.  Agnew,  technical 
director  of  GM’s  research  laboratory. 

We  welcome  both  of  you,  gentlemen.  You  may  proceed  with  your 
statement. 

[A  biographical  sketch  of  Mr.  Starkman  follows:] 

BENEer  S.  Stabkman 

Bmeet  8.  Starkman,  Protieeaor  Emerltos,  University  of  Oalifomla,  Berkley, 
was  Reeled  vice  president  of  General  Motors  In  dmrge  of  the  Environmental 
Activities  Staff  effective  April  1, 1971. 

The  Environmental  Activities  Staff,  created  at  the  time  of  Mr.  Staikman’s 
appolntosmt,  concentrates  Ms  ^Mirts  on  the  performance  of  6M  prodnets  in  the 
envimMiment. 

Under  Mr.  Staiiunan’s  Jurisdlctlmi  are  antesnotive  safety  engineering,  antmno- 
tlve  exhaust  emissions  and  product  assurance.  He  also  coordinates  activities 
relating  to  Industrial  air  and  water  p^ntioa  contTKd. 

ImnwdlaMy  prior  to  Joining  GM,  he  had  bem>  professor  of  mechanical  mighwer- 
ing,  Univer^ty  of  California,  Berkeley.  The  title  Professor  Emeritus  in  the  De¬ 
partment  of  Mechanical  Engineering,  Berkeley  Campus,  was  conferred  on  Mr. 
Stsikman  effective  April  1, 1971. 

He  also  was  assistant  vice  president  for  the  Statewide  UniversMy,  and  before 
that  he  bad  been  chairman  of  the  Thermal  Systems  Divlsicm  of  the  College  of 
BngiHiflciring 

Mr.  Starkman  is  nathmally  known  for  bis  research  work  In  thermodymunioe, 
combostimi  add  pollution. 

Bom  on  October  8, 1919,  at  Uos  Angiries,  Calif.,  be  graduated  from  the  Univer¬ 
sity  of  OaUlhmla,  Berkeley,  in  1912  with  a  bacbelw  of  science  degree  in  engineeiv 
ing  and  received  his  master  of  sdcnce  degree  there  in  194S. 

He  held  positions  In  private  industry  as  an  emidoye  and  a  consultant,  as  well 
as  nnmeroos  teaching  and  administrative  positions  at  the  UnlveisUy  of  Callfm^ 
nla,  Berkeley,  before  beomalng  a  professor  there  in  1960. 

He  Is  the  author  of  mote  than  100  technical  papers  on  engine  fuels,  lubricants 
and  combustion,  and  received  the  Society  of  Automotive  Engineers’  Homing 
Award  and  Medal  in  1900  and  the  Colwell  Award  in  1968  for  presentatlone  relat¬ 
ing  to  engine  combustion. 

Mr,  Starkman  recently  served  mi  the  White  House  Task  Force  on  Air  PoUn- 
tion  and  the  ofBce  of  Science  and  Tedinology  Ad  Hoc  Panel  on  Unconventkmal 
Automotive  Vehicle  Propnlelmi. 

He  was  chairman  of  the  Technical  Advisory  Committee  to  the  State  of  Cali¬ 
fornia  Air  Besooiees  Board  frmn  1968-1971,  and  served  as  a  member  of  the  panel 
on  “Vie  AntomoOile  and  Air  Pollution,”  U.S.  Department  of  Commerce.  He  also 
was  dmlrman  vt  the  Advisory  Committee  on  Advanced  Power  Systems  to  the 
Oouncll  of  Environmental  Quality,  and  is  a  mmnber  of  the  Twhidcal  Advisory 
Board  of  the  U.S.  Department  of  Commerce. 

He  is  a  member  ^  the  Air  Pollution  Control  Assodatlmi;  a  Fellow  of  the 
Ameitomi  Goeiety  of  Mechanleal  Bhigiaeers,  and  the  Institution  of 
Kngtneera ;  membm  and  director  of  the  International  Combnstton  lastltnte ;  mma- 
ber  and  pftst  director  of  the  Society  of  Antmnotive  Engineers,  and  member  of  the 
American  Assodatlmi  for  the  Advancement  of  Sdmioe. 

Mr.  Starkman  also  hi  a  member  of  the  fhn  Beta  Pi  (engineering),  Pi  Tan  Sigma 
(mectmnlttl  enidneedng)  and  Sigma  Xi  (leseateh)  honorary  sodetles. 

(Mr.  Btsikman  is  mantod  and  the  ikther  of  four  childien. 
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8TAT1V1IT  OF  EBSIFT  &  STAlDmi,  FICB  mSHIEHT,  EITI. 

lOlMSITAI  ACTIYITIBg,  ACCOMFAHIED  BT  WIUIAM  O.  ACh 
MEW,  TBCHBICAI  BIKECIOB,  EVOmEBDIO  BESEASCE, 

OKIS&AL  MOTOBS  OOlP. 

Hr.  StARKMAif.  Mr.  CSiainium,  thank  you. 

You  have  introduced  Dr.  Agnew.  He  is  indeed  technical  director 
and  is  in  charge  of  our  alternative  powerplanta  research  program  in 
the  General  Motors  Research  Laboratories. 

GM  is  pleased  to  have  this  opportunity  to  discuss  with  you  the  auto¬ 
motive  powerplant  research  programs  in  General  Motors  and  our  view 
of  the  role  the  Federal  Government  should  play  in  research  and  de¬ 
velopment  of  automotive  engines. 

B^use  the  powerplant  is  a  crucml  ccun^nent  in  our  principal  prod¬ 
uct,  Gener^  Motors  R.  A  D.  in  this  area  nas  been  both  long  standing 
and  extensive.  Throughout  our  history  we  have  attempts  to  produce 
the  optimum  engine,  ca^uretors^  and  other  components  for  the  job  to 
be  d<xi&  The  characteristics  which  today  are  critical  in  determining 
the  optimum  powerplant  are  fnel  econcmiy,  emissions,  reliability,  effec¬ 
tiveness,  that  i%  the  ability  to  do  the  job,  convenience,  cost,  and,  of 
course,  customer  satisfaction. 

In  addition  to  developing  our  own  ideas,  GM  is  involved  in  a 
major  screening  effort  on  hundreds  of  powerplant  concepts  which 
are  suggested  to  us  each  year.  Durii^  1973,  almost  900  alternate 
engine  and  emission  control  suggestions  from  outside  GM  were 
evaluated.  This  included  320  on  emissiun  control,  399  on  alternate 
powerplants,  and  177  on  modifications  to  piston  engines. 

We  feel  that  we  have  an  obligation  to  evaluate  the  potential  of 
every  feasible  powerplant  for  automotive  application.  If  a  suggestion 
can  oe  evaluate  on  paper  by  well-established  principles  and  careful 
analyris,  we  do  so.  If  experimental  programs  are  required  for  evalua¬ 
tion,  we  initiate  them.  If  the  experimental  research  shows  promise,  we 
ca^  on  to  major  hardware  devdopment. 

We  think  we  have  a  balanced  program  in  alternate  powerplant  re¬ 
search.  We  make  contact  very  early  with  new  concepts,  and  b^use  of 
our  experience,  our  facilities,  and  personnel,  we  are  fortunately  capable 
of  evaluating  potential  qu'ckly.  Our  people  are  intimately  familiar 
with  all  of  the  requirements  for  an  automotive  powerplant  having  to  do 
with  manufacturability,  durability,  cost,  and  performance  under  the 
wide  range  of  conditions  experienced  by  automobiles. 

At  the  same  time  our  R.  A  D.  people  try  to  give  the  benefit  of  doubt  to 
each  powerplant  concept  they  evaluato  Corporate  management,  in 
turn,  has  bmn  mlKu  to  jmt  w  money  in  direct  proportion  to  the 
amount  of  promise  which  R.  &  D.  people  can  demoiistrate  for  ea(h  of 
the  various  alternatives. 

In  eyalimting  the  potential  of  various  powerplants  it  is  necessary 
to  consider  tradeoffs  among  various  critical  characteristics.  In  some 
instances,  such  as  in  the  case  of  emission  standards.  Government 
mandates  place  further  restrictions  on  these  tradeoffs. 

Subeequent  to  the  enadment  of  the  Clean  Air  Amendments  of 
1970  and  the  adoption  therein  of  very  stringmt  oxides  of  nitrogen  con¬ 
trol  for  automobiles,  it  was  acknowledged  by  EPA  that  errors  had 
been  made  by  researchers  in  determining,  first,  the  levels  of  oxides  of 
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nitr(^n  in  the  ambient  air  and  second,  assumed  minimtun  levels  of 
oxides  of  nitrogen  from  the  standpoint  of  health  effects.  I  am  sure 
members  of  the  committee  are  now  aware  of  the  existence  of  these 
errors,  which  were  principally  due  to  the  instruments  used  for  mea¬ 
surement. 

Most  experts  in  the  field  now  agree  that  because  of  these  errors 
a  0.4  ^m  of  NOx  centred  is  much  too  stringmit  as  an  autCHnotive 
limit,  both  from  the  viewpoint  of  health  and  aesthetics. 

The  £PA  has  acknowleged  error  in  establishing  the  automobile 
NOx  standard.  As  recently  as  last  week  in  his  testunony  before  the 
Senate  Subcommittee  <m.  Environmental  Pollution,  Administrator 
Bussell  Train  said : 

In  our  Jadgment  the  pieaent  atatatory  Teqnitement  for  the  achievement  of 
a  90  p«»cent  reduetton  In  nitrosen  <aideB  emiaalona  from  paasenger  can  la 
not  neceeaary  to  meet  or  maintain  ambient  air  quality  standarda  In  moat  of 
the  nation. 

The  National  Academy  of  Sciences  is  undoubtedly  considering  this 
factor  now  as  part  of  their  study  and  subsequent  report  to  the 
Congiess. 

This  point  is  important  to  the  discussion  today  because  of  its  rela¬ 
tionship  to  most  of  the  alternate  powerplants  m  our  research  pro¬ 
gram  which  we  will  describe  today — as  well  as  in  the  case  of  the  cur¬ 
rent  internal  combustion  engine.  Even  though  otherwise  promising, 
tht%  alternate  powerplants  are  essmitially  blocked  from  considera¬ 
tion  as  candidates  toe  production  by  the  present  statutory  0.4  gpm 
oxides  of  nitrogen  standard  mandate  by  the  Clean  Air  Act  for  1977 
and  succeeding  model  years.  This  unneccssaiily  stringent  and  per¬ 
haps  not  even  practically  attainable  emission  requirement  casts  a 
dark  shadow  over  all  alternate  and  conventional  powerplant  research 
and  will  result  in  serious  waste  of  resources  unless  prompt  reco|[ni- 
tion  is  given  to  the  n^  for  its  correction.  If  Congress  recognizes 
and  change  this  situation  then  the  potential  for  a  number  of  alter¬ 
native  engines  will  be  significantly  enhanced. 

Now  let  me  describe  some  of  the  powerplant  work  which  is  being 
carried  on  at  General  Motors. 

THE  raSSENOEB  CAR  DIE8E1.  ENGINE 

The  passenger  car  diesel  engine  is  already  in  public  use.  Today  it 
can  attain  the  original  1975  statutory  standard  for  HC  and  CO. 
There  are  some  fo^otes*  on  this  page  which  ^ve  you  the  emission 
levels  we  have  attained.  It  is  unable  to  attain  the  0.4  gpm  nitrogen 
oxide  standard. 

The  diesel  engine  stands  out  for  its  high  efficiency,  among  all  the 
automotive  powerplants  which  we  are  seriously  considering  today. 
The  diesel’s  fuel  econ<my  is  greatest  in  low-speed,  8top'and-go-t3rpe 
driving,  although  it  is  reduced  in  high-spera,  interstate  highway 
useage.  In  addition,  the  diesel  engine  utili^  a  fuel  which  requires 
somewhat  less  refining  than  gasoline  and  would,  therefore,  offer 
some,  although  miall,  advantages  in  energy  cemservation  at  the  re¬ 
finery.  This  may  be  offset,  however,  by  the  disadvantage  of  high 


•A  qiC^Opel  AteMl  Id  d  ncortf  T  ear  attained  HC  the  fanewfn^  degree  ot  emlMlon 
control ;  HC=0.82  gpm,  COsl.dO  gp.^.  and  NO=l.Te  gpm, 


solfnr  content  in  dieeel  fuel,  causing  hi|^er  SO  emissions  in  the 
exhaust. 

Indication  from  tests  using  experimental  engines  are  that  a  pas¬ 
senger  ear  with  a  diesel  engine  would  produce  a  fuel  savings  of 
about  25  percent  in  citv-suburban-type  driving  when  compared  with 
a  gasoline-powered  vehicle  having  the  same  performance.  And  I 
want  to  emphasise  that.  Current  production  versions  of  the  diesel 
passenger  car,  ^erilly  speal^ig,  apparently  have  been  designed 
wi&  lower  pemnnanoe — passing,  acceleration,  and  other  similar 
ta^s — ^than  gasoline-powered  cars  in  order  to  recognize  and  com¬ 
pensate  for  the  weight  penalty  per  nnit  of  power  associated  with 
meeel& 

The  energy  omservation  characteristics  of  the  diesel  engine  present 
a  strong  incentive  to  omudder  it  for  widespread  passenger  car  appli¬ 
cation.  However,  the  diesel  engine  traditionally  has  had  certain  other 
characteristics  that  make  it  less  desirable  for  passenger  car  use  from 
the  viewpoint  of  both  customer  acceptance  and  protection  of  the  en¬ 
vironment.  Increased  en^ne  weight)  higher  cost,  and  the  difficulty  of 
starting  in  cold  weather  detract  from  customer  approval.  Lack  of  cus- 
tmner  acceptance  is  shown  by  the  &ct  that  even  in  Europe,  where  the 
diesel  has  been  offered  virtually  since  World  War  II  and  where  the  fuel 
economy  incentive  has  been  much  stronger  in  the  past  than  in  the 
United  States,  last  year  <mly  3  percent,  approximately,  of  the  passen¬ 
ger  car  market  was  mesel-poweied. 

In  addition,  noise,  smoke,  odor,  and  particulate  emissions  still  rep¬ 
resent  disadvantages  which  pose  serious  environmental  problems  if 
a  substantial  portion  of  our  passenger  car  fleet  were  to  be  converted 
to  diesel  engines. 

General  Motors,  of  course,  hM  extensive  experience  in  the  production 
and  emissitm  control  of  heavy  duty  diesel  engines,  and  Opel,  General 
Motiws’  German  subsidiary,  mark^  diesel  passenger  cars  in  quantity 
in  Europe. 

We  and  others  are  studying  ways  to  further  reduce  its  nitrogen 
oxide  and  particulate  emissions,  and  to  increase  the  power-to- weight 
ratio  in  order  to  provide  better  performance  and  reduce  the  cost. 

DiLtm  coafBTwnoN’  swomEs 

There  are  a  variety  of  ‘^dilute  combustion”  engines  under  study  at 
General  Motors.  To  explain  the  term,  a  dilute  combustion  engine  is  one 
whi^  operates  with  an  excess  of  either  air  or  recirculated  exhaust. 
Tliese  engine  designs  are  aimed  primarily  at  reduced  emission  lerals 
and  improved  fuel  economy.  They  include  conventional  spaik-imititHi 
gasoline  ei^nes  which  have  been  modified  to  operate  on  extremmy  lean 
fuel-air  mixtures,  jet  ignition  stratified-charge  engines,  as  referred  to 
earlier  in  the  testimony  you  heard  frmn  Chr^er  and  Ford,  and  other 
typm  of  stratified-charge  en^es. 

Engines  of  the  dilute  coinbustion  type  have  attained,  in  laboratory 
tests,  eimssion  levels  for  hydrocarbons  and  carbon  monoxide  cor- 
reepwding  to  the  current  1973  model  standards,  that  is,  0.4  gpm  HC, 
SAgptn  CO,  and  S^Ogpm  KO,.  A  footnote**  indicates  the  actual  results 

**IW  tht  OK  Jat-UmttlaB  coaeapt  pMSoMd  mlwtoaa  in  grams  per 

mile  M  follows : 

Vega  (wiUi  foor-^rlinder  englae) ;  HC=0Ji,  C0=a8,  N0}>=1.1. 

Impste  (wiUi  V-S  engine)  ThC=0.2,  €0=2.5,  NOi=1.7. 


attained  by  experimenta  at  6M  in  a  four-cylinder  and  an  eight-cylin¬ 
der  engine.  The;^  would  appear  quite  promising  except  for  the  s£atu- 
tory  mtoogen  o^de  standara  of  0.4  gpm.  That  atandara  at  the  mcnnent 
has  yet  to  be  attained  for  these  types  of  engines. 

General  Motors  has  built  approximately  30  prototype  engines  of  the 
jet-igDiti<m,  stratiiied-charge  type,  both  in  4-cylinder  and  V-8  con¬ 
figurations.  ScHue  of  these  prototype  ei^nes  are  now  undergoing 
durability  tests  at  our  proving  groii^  These  tests  are  also  directed  to 
fuel  ecoxuMuy  and  to  giving  us  more  informatitm  as  to  performance  with 
leaded  gas.  In  both  cost  and  fuel  eccmomy,  these  engines  appear  now 
to  offer  prom^  of  equaling  the  performance  of  our  1975  modd  con¬ 
ventional  engines  with  catalytic  converters. 

Thus  the  jet-ignition  dUote  combustion  ^igine  appears  to  consti¬ 
tute  a  strong  competitor  to  the  conventional  catelyst-controlled  engine 
and  we  will  continue  our  development  efforts. 

However,  again,  we  must  await  either  further  development  of  the 
en^ne,  or  a  modification  of  the  NOx  standard,  before  committing  fur¬ 
ther  resources  for  its  produeticm. 

As  to  gas  turbine  engines,  research  and  development  on  autmnotive 
turbmes  has  been  carrieid  on  at  General  Motors  for  over  20  years, 
^e  heavy  duty  gas  turbine  engine  for  use  in  trucks  and  buses  is  near¬ 
ing  oommwcial  production.  We  now  have  a  number  of  turbine-powered 
trucks  mid  buses  now  in  the  field  being  evaluated.  I  might  say  this  is  a 
normal  use  in  buses  and  in  trucks.  The  passenger  car  size! 

The  passoiger  car  size  turbine  has  demonstrated  low  hydrocarbon 
and  carbon  monoxide  emissions,  and  in  the  past  year  turbine  ccwfijustor 
research  has  made  it  possible  to  denv  •  .strate  an  experimeirtal  turbine 
which  has  the  ability  to  meet  even  1  e  0.4  gpm  nitrogen  oxides  stand¬ 
ards  with  no  exhaust  treatmeiit.  T^e  r»3sults  sp^ifically  are  treated  in 
the  footn<^***  on  page  8.  This  dei>  onstration  is  encouraging.  But,  it 
has  only  been  possible  in  the  laboratory.  The  complexities  of  imple- 
mentuig  this  to  production  application  with  a  practical  ccmtrol  system 
remain  as  problems  on  whi<m  we  are  now  working.  Durability  testing 
has  not  even  begun  on  this  type  of  turbine. 

Other  major  areas  in  wmch  techncfiogical  advances  are  required  in 
order  to  estwliah  the  turbine  as  a  ctunpetitive  passenger  car  powerplimt 
include  initial  cost,  throttle  response,  size  and  wei^t — and  most  sig¬ 
nificantly,  fuel  economy. 

The  fuel  economy  oi  experimental  turbine  passei^r  cars  which  we 
have  built  to  date  is  not  particularly  favorable.  It  is  roughly  conma- 
rable  to  corresponding  piston  engine  vehicles  at  cruising  spt^s  of  70 
miles  per  hour  or  higher.  At  idle  and  in  low-speed,  stop-and-go  driv¬ 
ing,  however,  the  gas  turbine  engine  currently  suffers  significant  fuel 
ecowmiy  penalties. 

The  major  activity  on  General  Motors’  passenger  car  turbine  pro¬ 
gram  at  the  present  time  is  directed  toward  simpler  nitn^^  oxide 
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that  consideroble  progress  can  still  be  made  in  these  probl«n  areas. 

Electric  power  v^icles  continue  to  command  widespread  interest 
in  alternate  power  plant  K.  &  D.  work.  Contrary  to  popular  omicep- 
ticm,  for  equal  performance  it  appears  that  the  overall  fuel  ectmcmy 
for  the  electric  battery  car  is  on  the  same  order  as  for  current  gasoline- 

•••BmlMlon  test  retnlti  ««re ;  HC=0.02  gpm,  CO=2.4  gpm,  and  MOz=0.82  gpm. 
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powered  ftiitomobile&  The  unproved  ^ciency  of  electrical  components 
aboard  the  veh^  is  ofbet  by  the  low  efficient  of  the  battery  charg¬ 
ing  and  disdhaiging  prooee^  lasses  in  the  long  transmission  lines 
from  the  central  power  station,  mid  the  mergy  Tosses  of  the  central 
power  sti)t£eHi  itself . 

It  sho^d  be  understood  that  the  dectric  battery  car  alrnie  solves 
aei^er  the  air  pollutimi  problem  nor  the  ener^  problem.  For  the 
most  part,  tiiese  two  probiems  are  simply  transferred  from  the  auto¬ 
mobile  to  the  central  electric  generating  station,  which  provides  the 
enm]^  to  fasep  the  batteries  retmit]^. 

The  snlfor  dioxide  and  particulate  emissions  of  the  central  electric 
generating  station  are,  on  a  pound-for-poond  basis,  a  mmo  serifnis 
health  problem  than  emissions  from  automobile  according  to  the 
NatifliluQ  Air  Quality  Standards.  Particulate  emissions  from  utilities 
also  are  severe  problems. 

On  the  other  hand,  electric  battery  vdiicles  could  transfer  a  portion 
of  our  transpottatnm  energy  requirements  from  petroleum  to  coal  if 
central  stations  were  predominantly  coal  Bred,  and  if  coal  could  be 
made  envinmmentally  accep^le  at  a  reasonable  cost.  This  would 
offer  an  advantage  in  the  utilization  of  our  domestic  energy  resources. 

a  restricted  transportadim  role,  the  eleictric  vehicle  may  have  an 
important  place  in  our  future  transp^ation  system.  It  already  serves 
in  golf  carts,  lift  trucks,  and  onsite  people  movers.  In  passenger  serv¬ 
ice,  it  is  mort  likely  to  be  applied  fir^  in  small  urban  vehicles  for 
ato^and-go  traffic,  where  petrormance  and  range  requirements  are 
mdwrste.  The  commercial  urban  delivery  vehicle,  downtown  shopper, 
commuter,  and  “errander”  appear  technically  feasible  today  with 
lead-acid  battery  techncdogy ;  nowever,  the  economics  of  such  applica¬ 
tions  are  still  uncertain. 

In  this  ooimectimx,  it  must  be  remembered  that  when  use  of  such 
vehicles  on  the  streets  is  contemplated,  as  opposed  to  golf  cour^ 
fectories,  and  airport  transfer  sj^tems,  Federal  auto  sai^  require¬ 
ments  apply,  with  a  resultact  adverse  effect  on  size,  weight,  and  cost. 

During  me  past  decade,  we  have  built  and  tcst^  several  es^ri- 
mental  mectric  vehicles  at  onr  Technical  Center  in  order  to  evaluate 
more  fhlly  the  advancing  technology  of  batteries,  motors,  and  con¬ 
trol.  We  nave  cmistractM  ezperimdiital  electric  vehicles  which  have 
contained  single  and  dual  battery  poweiplants,  a  fuel  cell  powerplant, 
and  both  a.c.  and  d.c.  motor  ele<^nc  drive  systems. 

The  anallest  experimental  electric  vehicle  we  have  built  was  the 
GM  51S  seriee.  This  was  a  two-passenger,  special-purpose  vehicle  Iut 
tended  for  limited  transportation.  It  weighed  1,2^  pounds,  had  a  9- 
horsepower  d.c.  motor,  8^  pounds  of  lead-acid  batteries,  which  gave 
the  car  a  ran^  of  58  miles  at  25  miles  per  hour,  and  had  a  capability 
to  accelerate  frinn  zero  to  30  miles  per  hour  in  12  secimds.  (No  effort 
was  made  in  this  study  to  conform  to  Federal  safety  standaras.) 

Kesults  of  onr  experimental  electric  vehicle  evaJuations  have  been 
reported  to  the  technical  cmnmunity  and  have  provided  us  with 
n^ed  infetnation  to  focus  our  electric  powerplant  research  and 
development  efforts. 

The  perforinance  of  electric  vehicles  is  a  direct  function  of  the 
capabilraes  of  the  battery  used  as  the  power  source.  In  the  GM  Re¬ 
search  Laboratories  we  are  developing  and  improving  a  number  of 
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baltoriea  wMch  coold  be  wed  ia Metric  vdbielai  These  ue:  (1)  Issd- 
Mid  bstteries,  wb^  aie  eaaantudly  aveikble  now  in  tlM  proper  oon- 
ngoratiem  f<n>  use  in  tat.  urban  vdtkle  ot  liauted  range  (a^,  50  miles) 
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_  wbkdi  are  in  the  advanced  litam  of  devek^meiit  and 

woatld  proiddie  higher  perfcmnance  in  vehicles  for  both  urbra  and 
wbiuban  use  (say,  op  to  100  miles  range),  including  aonie  hi|diway 
driving  Ow  to  w  mih)  and;^  (3)  hig^'t^pmtare  batteiies,  (for 
example  litoium'SttlpAur,  aodium>nilphnr)  which  are  still  in  the  lab- 
orato^  ata|^  These  batteries  show  {Htunise  lor  use  in  vehicles  with 
up  to  SOO-milM  raoM  and  which  are  expected  to  have  even  higher  top 
operational^>eed  (rromOOtoSOmph). 

The  cell  aim  has  been  atuctod  for  electric  car  ^mlicatiom  In 
this  device,  the  fo^  and  oxidizer  are  consumed  onboard  the  vdiicle 
to  generate  eketiicity  as  it  is  used.  This  ^atem  offers  toe  posaibility 
of  rapid  retoeling  and  a  range  equal  to  tlud  of  cumnt  velucleaL  Pol¬ 
lutant  emissions  are  very  low  and  toe  efficieiMgr  is  very  good.  However, 
extremely  low  power  ou^mt  per  unit  w^^t  and  volume,  short  li^ 
and  the  unfavorable  economica  of  this  device  have  aeverely  limited  its 
devekpment.  (IM  coidinues  to  conduct  a  fundam^tal  research  study 
of  electrode  structure  and  catal3nst8  for  fuel  cells  as  a  Icmg-range  effort. 

Ranlrine  cycle  engines  employing  steam  as  a  working  fluid  were 
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They  lost  out  to  the  greater  convenimioe  and  flexibiUtyj  compactness, 
sately,  mrformance  and  fuel  economy  of  spwk-ignition  swoline 
raigines  fmr.  passenger  cars  and  trucks,  and  to  diesel  engines  wr  sraue 
heavy  duty  tnuh  applications. 

GM  renewed  its  studies  on  steam  oigines  in  1926.  Continuous  atten¬ 
tion  has  been  given  to  this  powerplsnt  over  toe  misuing  years.  In  1966 
a  maito  effort  was  Bumnted  to  determine  if  new  technology  would  aid 
in  rmring  the  steam  engine  for  autranotive  appUcatom.  In  1970,  Gen¬ 
eral  Motx^  ecKnpietod  two  experimental,  ral-seale  steam-powered 
cars,  toe  SE'-124  and  SE-101.  These  were  evaluated  for  etmssions  and 
general  performance  and  toe  results  were  reported  to  the  technical  c(»n- 
munity. 

While  ^issiais  wme  reasonably  low,  one  of  toe  principal  Bankine 
cycle  engine  problems  ia  fuel  economy.  For  example,  reports  of  a  re¬ 
cent  Oalifomia  bus  experiment  indicated  that  steam  powerplants  ex¬ 
perienced  frcrni  three  to  five  times  more  fuel  usage  than  a  correspmiding 
diesel-powered  bus.  Our  own  SE-101  steam-powered  passwger  car 
desigi^  to  mert  all  the  performance  and  c<Mnf<Ht  of  contemporary 
American  passenger  cars  gave  mily  3  to  4  miles  per  gallon  m  city 
driving. 

Other  probtons  of  the  Rankdne  cycle  engine  include  high  weight  and 
large  si^?,  particularly  the  heat  exchmgers  for  Vf^rizing  and  con- 
dentoig,  ccunplexity  in  toh  mechuikm  and  controls,  oast,  water  con- 
sumptum,  water  fr^ing^  and  lubrication. 

Aitllou^^  GM^s  steam  cars  demm^arated  in  1970  did  not  nwet  even 
the  current  1976  emissitm  standard  it  did  appear  to  us  that  lower 
levels  nnght  be  attained  with  soficimt  development  work.  In  this  re¬ 
spect,  we  have  taken  note  of  somewhat  bettor  emissions  and  fuel  eco¬ 
nomy  obtained  in  later  experiments,  using  smaller  vehicles,  apparmttly 
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witb  difierant  perf<Hroiuoe  and  ootnfori  criteria.  We  are  lookhig  for¬ 
ward  to  a  doeer  ezaminatiott  of  the  resnlts  of  teets  on  theee  oars. 

fit  tlMjpaflL  ooB  of  GlTa  majw  rceeardi  ^eita  wm  on  tlw  Stirl^ 
engine.  Tne  Stirling  «igine  is  an  eactemal  combnatiMi  engine  which 
operates  on  a  ckaed  (^demnefa  lihn  a  steam  engine,  nrcqit  t^  it  usee  a 

Ksadi  as  kydrogen  or  hdium,  instead  water.  The  engine  tends  to 
«  a  very  efflniency,  omaparable  to  a  ^esd  engine,  and  has  the 
e^wbihtv  of  asii^  various  fads.  It  is  a]so>qniet,  its  nujor  e^pmiente 
are  durme  and  its  hydrocarbon  and  carbra  monoride  emiiMons  are 
eztresady  low.  While  oar  effMt8:8howed  nitroeen  oKideeanaBionstobe 
hi^jll^  sis  mth  the  gas  tuihine,  sufident  researm  and  devdopment  effort 
might  bring  them  down  to  acceptable  levek. 

iOa  the  henptivB  skke,  tlm  Stirlmg  engine  required  a  large  radiator 
for  cooling.  St  also  tended  to  be  heavy  and  bulky,  and  the  hydrogen  or 
hdinm  woridag  ffnid  is  difficult  to  seal  for  life.  It  is  a  complicated  and 
eaqtensivB  oigine^  and  e<Hitrol  of  powm*  output  during  rapid  transients, 
as  required  m  an  automotive  application,  appeared  to  be  a  difficult 
task.  Akhoagh  smne  of  these  duMvantai^  may  re8|>ond  to  farther 
Tcoeardi  and  devdimBiont,  others  do  not  sagRem  that  promise.  After 
mote  than  10  years  M  B.  &  D.  on  this  engine^Uenerail  Motors  has  set  it 
aside  as  not  being  among  the  most  promising  alternates  for  passenger 
car  use. 

IQrlnid  engine  electric  poweiplante  have  ahM>  hem  studied  at  Gen¬ 
eral  Motms  uid  we  have  built  two  such  experimental  vehicles.  The 
emissions  rntformanee  of  such  systems  have  turned  out  to  be  disap¬ 
pointing.  l^e  effkaency  losses  resulting  frmn  r^ieatod  rapid  conver¬ 
sion  of  energy  from  mechanical  to  electm  and  back  to  mechanical  form 
is  ft  hftndki^.  In  addition,  the  cost,  complexity,  and  weight  of  tUs 
tmn  reacts  it  unattractive. 

At  tiiis  time,  the  leading  contmider  for  the  antmnotive  powerplant  of 
the  near  futare  is  the  ccmventicMisl,  spark-ignition  gasoline  ragme  that 
we  know  today,  hut  with  improved  emissiim  cmitrols.  All  1976  model 
General  Motcm  cars  produ^  fcsr  sale  in  the  UA  market  will  be 
eqmpped  with  catalytic  oanverters  which  reduce  exhaust  emisrions  to 
the  mterim  1975  levels  and  at  the  same  time  permit  a  significant  im- 
provemmit  in  fuel  eooooray  over  1974  model  cars.  We  are  attempting 
to-  devise  aotmnotive  eHussian  omtnds  for  the  spark-igniti<m  gasoline 
engine  which  will  reach  the  still  lower  statutorv  hydrocarbon  and  car¬ 
bon  nKHMaide  levels  of  exhaust  emissions,  ana  sj^tons  that  will  also 
reach  the  atstutory  level  of  Oi.4  gtmi. 

The  dual  cstslj^  and  the  closed  locqi'Coatrolled  single  catalyst  ^- 
tom8thu8,f8r  amseartobethemostpromudngspproBcnBS  forgasdine- 
powered  vehicles  meeting  all  the  statutory  standards.  However,  both 
systems  are  complex  and  costly  and  neither  has  dnowstrated  ad^uate 
durability  at  the  required  low  eauarion  levels. 

The  closed  loop  systmn  is  an  extenakm  of  the  system  we  will  use  on 
1975  models,  involving  use  of  a  single  catalytic  converter  but  includ¬ 
ing  an  oxygen  sensor  in  the  exhaust.  It  will  optimise  catalyst  efficimicy 
by  omdxoinng  the  air  and  furi  entering  the  engine.  The  oxygmi  con- 
twt  in  the  aumust  will  be  measured  and  (he  data  fed  back  to  a  emn- 


{mter  vriiich  s^gials  a  change  in  the  air /fuel  ratio  to  the  fuel  metering 
system.  . 

The  dual  catalyst  system,  as  its  name  implies,  uses  two  ccmverters  to 
control  emissicms  of  pollutants ;  One  acts  as  a  reducing  catalyst  and  the 
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otiwr  KtB  as  an  oxidiamg  eatalraL  In  this  dual  qratraa,  oxides  of  nitro¬ 
gen  are  radnsed  to  nitrogen  and  ozjgen  in  one  converter,  while  hydro- 
carbMS  and  carbon  monoxide  are  omdised  to  water  vapor  and  carbon 
dioxide  by  the  other. 

Throng  the  use  of  eithM*  of  these  c^stans,  there  is  at  least  some 
hope  of  eveirtually  developing  one  which  will  meet  the  most  stringent 
statutory  standard  if  that  evolves  to  be  necessary . 

We  are  punning  the  roti^  combustion  mgine  because  of  its  stnn^ 
advantagae  in  the  areasof  ef^^vutess  and  convauenoe.  This  engine  is 
fiO  percent  smalkr  and  80  percent  li|^ter  than  a  piston  engine  of  eom- 
pamla  pen^r.  This  smalf  powurplant  in  tom  can  invcdve  a  l^tmr, 
smidler  vehicle  stmcture  to  snppmrt  it. 

^  The  problem  of  packaging  major  con^nents  becomes  eqtecially 
signiflcuit  as  overall  vdiide  sise  is  reduced.  Since  it  is  obvious  that  the 
paasn^^  and  titeir  baggage  are  not  likely  to  becmne  smaller,  kse  and 
leas  space  k  available  for  tM  powerplant  as  design  moves  in  the  direc¬ 
tum  of  smaller  vehicks. 

Both  ei^ine  efficiency  uid  exhaust  emissions  (m  the  rotary  engine 
we  mtbje^  of  intense  devdopoomit  work  in  General  Motora.  Ptmlic 
introdumon  of  the  engine,  now  anticipated  smnetime  in  the  1976  model 
year,  will  take  place  as  soon  as  this  development  work  permits  and 
the  neoeasary  certificatkm  and  emksion  testing  can  be  completed. 
Basie  esnsskm  c<mtrol  approadtes  will  be  the  same  for  this  engine  ss 
with  the  ocmventkmal  pistm  engine. 

Whst  is  the  result  of  all  thk  eft&rt  to  date  ?  We  see  the  strong  pos¬ 
sibility  tlmt  scMne  of  the  powerplsnts  I  have  discussed  will  come  into 
use  in  our  future  transportation  system.  We  doubt  that  any  <me  alter¬ 
nate  powerplant  will  Sweep  the  field  in  the  near  future. 

It  appears  that  the  future  may  see  a  variety  of  powerplants  in  use 
simultaneousljr,  each  fulfilling  s  specific  nde,  each  optimised  for  the 
particular  vehick  it  powers  in  the  particular  application  that  vehicle 
serves.  Perhaps  it  will  also  be  obvmos  from  the  previous  discussion 
that  none  of  uie  promisii^  alternate  powerplants  described  will  solve 
the  energy  probh^  of  thn  Nation,  kfest  of  the  poweroknts  discnssed 
have  lower  efficiencies  than  those  of  current  engines.  The  diesel  engine, 
with  perhaps  a  Sfi-percent  improvemmit  in  fwl  ectmomy,  represents 
the  only  significant  exception  among  the  short  run  alternatives. 

Atthong^  none  of  our  R.  &  B.  work,  thus  far,  has  created  the  ex- 
pectati<m  that  emission  control  or  energy  problems  will  be  solved  by 
some  miraeulons  new  powerplant,  yon  may  be  assured  that  a  great  deal 
is  bmng  done,  and  wiil  be  mne  in  the  next  few  years  to  reduce  auto¬ 
motive  transportatiim  miergy  consumption.  These  activities  including 
introduction  of  new  small  cars  and  modifications  to  vehicle  design, 
should  have  a  significant  impact  on  our  Nation’s  energy  problem. 
Other  manufacturers  reportedly  are  taking  similar  steps. 

However,  it  must  agam  be  mnphasised  that  one  of  the  most  serious 
obstacles  in  our  effort  to  solve  tlmse  kmg-range  problems  is  the  un¬ 
resolved  problnns  of  an  ultimate  automonve  NOz  standard  to  replace 
that  whiw,  as  a  result  of  a  combination  of  errors,  was  ori^ally  estab¬ 
lished  st  a  level  far  too  striiment  for  either  need  or  technolo^.  As  l<mg 
as  that  error  is  perpetuated  by  the  0.4  gpm  NO.  standard,  pnmress 
in  the  devel<^mient  of  an  alternate  powerplant  will  be  thwarted  and 
resources  misapplied. 
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We  heve  wetcliad  dosely  the  edveoeed  automotive  power  eratems 
aetivity,  cenied  oirt  under  the  auepkee  of  the  Environmental  Protec¬ 
tion  A^^y.  It  is  our  impraanou  that  this  program,  <m  balance,  has 
been  useful. 

.  Whiln  excessive  amcsints  of  nmney  mav  have  bemx  spent  in  areas 
itiMue  answers  to  questions  were  alr^y  snown  or  on  matters  which 
were  not  crucial  to  evaluation  of  powerplant  potential,  in  many  in- 
etanoes.  Government-sponsored  R.  A  D.  himcxaimrmed  or  supplemuated 
oMnresponding  S.  A  D.  in  the  industry.  We  naturally  are  uizious  to 
pick  up  any  new  ideas  which  nni^t  be  dev«lope<^  but  we  have  found 
fittle  new  as  yet.  Many  of  the  oeoclusions  now  bang  arrived  at  in  the 
Government  program  look  very  much  like  our  own  reached  several 


yeanago. 

The  program  has,  of  course,  been  useful  to  educate  a  large  number 
of  people  m  the  Govemmott  and  technical  community  snout  some 
of  ^  intricacies  of  automotive  poweiplants,  vehicles  and  manufac- 
turi^  problems.  Because  of  this  development,  our  relations  with  those 
pu^&  the  industry  have  been  eased.  While  tikis  has  been  useful  to  us, 
it  is  doubtful  that  such  a  ^inoff  benefit  to  private  industry  was  either 
oontmplated  or  can  ccmstitute  justification  for  the  rather  substantial 
public  funds  eimended. 

In  searching  fw  the  beat  role  that  Government  could  play  in  auto¬ 
motive  powevplants  R.  A  D  ,  it  appears  to  us  that  there  been  a 
neglect  of  two  areas  in  tbe  present  EPA  program.  First,  we  believe 
GovemmMit  research  should  ccmioentrate  more  in  fundamental  areas. 
There  is  a  real  ne^  today  for  more  wmk  to  be  done  in  such  areas  as 
oqmhostion,  material^,  hc^  exchange,  elei^xocbemistry,  catal]^  and 
hydrogen  generation^  and  storage.  Ingress  must  be  made  in  these 
areas  nefore  competitive  alternative  powerplants  can  be  built  to 
survive  in  tim  marinstplaoei. 

We  question  the  used  for  the  Govmiunent  to  develop  protc^pes  of 
products  t<xe  ultimate  sale  m  a  competitive  market.  Fnvate  industry 
IS  better  ewpped  and  suffidentiy  motivated  to  respond  to  that  phase 
of  the  proUem.;  Government  research  of  a  basic  type,  in  areas  which 
now  r^resent  criticsl  bottlmedcs  in  the  industry’s  raorts  <m  advanced 
powmplant&  would  sopplmuent  ratW  than  dufmcate  the  efforts  of  in- 
au8t]7  and  thus  Biaim  read  OQntrffHitkms  tc^ramresB. 

,  The  second  area  for  useful  Governments  AD.,  while  not  qtecifically 
on  the  imae  of  powerplants,  is  directed  towara  broader  aspects  of 
automotive  tnunkortaticm  in  which  the  Government  should  carry  the 
msjpr  reeponsniility.  Sosm  of  these  ate  issues  larger  than  the  auto- 
m<mve  ihdustiy  and  mvolve  tradeoffs  that  should  represmt  value 
judgments  of  the  public  as  a  whole. 

xor  these  reasons,  we  feel  the  Government  should  undertake  the 
broad  OTStemsfltiidies-;  . 

Int^prating  vel4eles>  hi^^ways  and  otbw  transport  modes; 

Ckirrelatiiig  emiagions,  energy,  n<^  and  safrty  standards; 

And  evaluating  societal  attitudes  and  preferences  as  they  relate 
to  benefit/oost  MjMyses. 

Questions  of  individuid  preference  and  need  tiiould,  of  course,  still 
be  reaol^^  by  faeaefit/cost  decisions  nmde  each  person  in  the  free 
markti^nacs.  We  think  the  autcmotnle  industry  is  equipped  to  re¬ 
spond  to  such  market  trends  without  Government  iutervmitiim.  How- 
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ever,  thoae  systems  problems  which  lemire  ooramaiiity  benefit/oost 
snslyses  end  deoisioiis  logicsUy  fidl  imder  the  scigis  of  Qovemment, 
snd  s  large  amount  of  resoarch  and  developnoent  woric  is  needed  to 
make  tboee  analyses  rational  vad  the  imp«ementinw  decinons  wise. 

ICr.  BaiMnr.  I  yrattt  to  oomplimfi^  yoa,  Ifr.  Starkman,  few  an  ex- 
trenMly  oomiwdenn'ea  and  helpfiu  swement.  I  wabt  to  apoloeize 
on  brimf  of  theidimnnan  who  did  have  bottssas  which  required  that 
he  leave"!  note  that  in  yonr  comprehenrivepees  yon  have  already 
given  sobstai^al  answers  to  the  qo^ons  which  I  asked  of  the  ore- 
yjoBS  witmesB  rach  as  battery-powered  v^des  and  thdr  applicab  llity 
m  a  sitnakion  m  which  the  lo^  government  prohdnted  v^iicles,  say, 
in  the  downtown  area. 

As  I  indicated  to  tlw  (^ber  witness,  there  may  be  increasing  examples 
of  this  kind  of  situation  in  which  the  market  wiU  be  pretty  well  struc¬ 
tured  for  the  type  of  vehicles,  such  as  electric  vehicles,  which  you  have 
described.  That  might  create  the  type  of  market  which  would  make 
these  attractive  for  the  automobile  companies  to  get  involved  in. 

Mr.  Milford,  do  you  have  questions? 

Mr.MiLvoBD.  Just  one  or  two.  rir. 

On  page  7  of  your  statement  you  discuss  jet-ignition,  stratified- 
charge  type  engines  which  you  are  presently  testing  and  you  stated 
that  m  bc^  cost  and  fuel  enoiMHay,  these  engines  appear  now  to  offer 
promise  of  equaling  the  performance  of  the  1975  m^el  conventional 
engines  with  catal^ic  converters.  Since  ntmleaded  gas  is  required, 
would  you  agree  we  o^d  rnako#  nadonal  savings  in  fuel  and  other 
hydrocarbon  products  if  we  would  return  to  the  exclusive  use  of  leaded 
gasoline! 

Mr.  Stakkkak.  We  have  cont^cacted  with  an  independent  organiza¬ 
tion  to  make  an  elusive  study  <m  this  question  as  to  the  extent  of  the 
penalty  of  operating  wrkh  unmad^  rather  than  leaded  fuel.  We  find 
that  the  results  reported  to  us,  while  still  in  the  direction  of  a  penalty, 
are  not  nearly  as  dramatic  as  the  kind  of  numbers  we  find  quotra 
from  other  places.  The  lat^  indication  we  have  would  suggest  that 
the  penalty  m  terms  of  ultimate  use  of  s  barrel  of  crude  or  tiie  price 
to  the  consumer  is  reasonably  small'. 

that  I  mean  tiw  numbers  oone  otit  to  something  like  two-tenths 
of  a  cent  per  gallon  for  the  cost  of  the  gasoline  and  something  like 
two-tenths  of  a  peiwnt  more  of  crude  usea  to  provide  the  kind  of  fuels 
we  have  planned  fbr.ajid  huiit  our  eo^es  and  we  have  pn^Kised  to 
produce  during  the  next  few  years  aim  for  as  long  as  it  is  neoessaiy 
tor  us  to  aceenioodate  the  kind  of  standards  we  foresee. 

Mr.  MUiFoaD.  Do  you  have  any  idea  when  the  results  will  be 
available? 

kfr.  StABKMAK.  They  f^re  akesdy  in,  Mr.  Milford.  If  you  would 
lika^  w»  will  supply  yout  with  a  copy  of  the  report. 

Mr.lfoj««B.  1  woiddbe  very  appreciative. 

Mr,  SrStiKKAir.  win  do  it. 

Bon.  J-JiMm  W.  atnttwwwr, 

VJa^Moum  «/  BsprewafaKuw, 

WeiMiiStoa, 

D—a  OwwiaiMi  iiu  Bwciiwieii ; 

nw  BiAieaUiiaHtee  en  flpsee  Beiniee  and  AuplteetloiM  recently  held  a  heerlnr 
on  Beeearch  on  Ground  Propnlston  Systems.  Daring  that  heMing  General  Motors 
Vice  Praddent  Brnest  S.  Starkman  was  asked  about  the  production  ot  unleaded 


aao 


IMuBiw.  Ik  Mi.  jBtuknan  to  u  independent  study  conducted 

foe  CfciBWpl  Mi^on  on  tUn  subject. 

Mr.  Stertuwn  hen  eeked  me  to  aend  you  the  caMdoeed  c<vy  of  that  study  etm- 
ducted  for  Ounenl  Moten  by  Aitliur  D.  LUOk  Ine.  end  dated  Deeember  1078. 
Yea  wlB  Mto  that  tiie  ramlta  of  that  study  allow : 

•701  eunoik  (J&ld)  opeia^bu  our  tenilts  cmcloded  that  up  to  eo%  of  the 
Eataety  gamMpe  pool  could  be  sqKiUed  as  lead-free  yaaoUm  at  M/m  SON/ 
MOM  (Beaaaich  Octane  Nimber/liMor  Octane  NuUiber)  maetiny  the  new,  more 
reatricttve  lUli^ty  reqidnaaanta  wtth  no  gasoline  yield  deMt  The  increased 
gaaoMna  manatactBrim  cast  that  can  be  attributed  to  suppling  this  special  grade 
was  laas  than  QA  0^0.’ 

•<0iv  reoulta  also  showed  that  up  bo  80%  of  die  total  gasoline  po(d  could  be  pro- 
dueed  as  a  Uad-ftee  grade  meediig  i»eaent  ToUtOtty  standards  widi  no  decrease 
in  total  gasOUhe  production  Ttdume  and  at  —senHsiiy  mo  Increased  manufac¬ 
turing  cost” 

InraoT  or  Moroa  Oaaouun  Lbao  Aoditive  BmuiAnoiiB  or  PuraoueuM 
HanweamsAHn  HHaasT  Basonacis— 1074-80 
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_A^  endoeed  Is  a  copy  of  a  study  emidacted  by  Arthur  D.  LltUe,  Inc.,  for  the 
Burtroumental  Protection  Agency  and  dated  May  1974.  The  results  of  this  study 
indicato  dmt: 

^^*3*™*  *®clent  refineries  (which  r^resent  the  major  source 
or  rapfi^  to  tbe  u.8«  mftrlu&CiAace),  wIH  suffer  little  penalty  from  manufactarlna 

lend-flreegasollne  and  toe  lead  p^se-down.” 

If  y(m  have  any  furtoer  questlona  on  tois  subject  please  let  me  know. 

Siaceialy, 


r  a  ....  KOBBBT  B.  OOl*. 

7.  Sorntmam  conoltuiono 

Infbbnmry  1974,  toe  MPA  afted  Arthur  D.  litfle,  Inc.  (ADL)  to  review  the 
^ects  of  the  BPA  regnlattons  whfa*  reqtore  toe  avallaMUty  ot  lead-free  gaao- 
^  «***1™>1  phase-down  of  the  lead  content  of  toe  total  gastdlne  pool. 

T^  WA  required  that  prdimlnary  results  be  reported  to  the  EPA  in  early 
A^  and^  dnal  written  report  be  con^ileted  by  toe  end  of  April,  1974.  Although 
iwejloue  Btudiee  have  been  conducted  and  published  for  toe  HPA  concerning  the 
suwilylng  lead-ft^  gasoline  and  reducing  lead  content 
**o?*4^  EPA  Mt  that  tola  review  was  needed  for  the  following  reasons : 

stndlm  had  been  conducted,  move  recent  asBesmenta  of  the 
tortasflfpqbile^OMoe  emission  stands^  and  lead-free  gaaoltne  requiremmits 
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5?^  Urge  tncMUMB  in  erode  oH  coots  and  OMoelstod  product  prices  oecorred 
recenttjr  dns  in  port  to  incrossed  nstiossl  eoergy  demand  and  limited  8iQ9ly 
wtoerr  ppocsislnf  <9tlinis  me  asnsttiTe  to  coats  of  »w  mate- 

^Al8  ud  ptodQCtt,  ud  aloM  these  (^tims  css  sot  be  tally  ssslyaed 
vlthoot  ssfeze  oreniim^tflcatton,  the  BPA  felt  that  s  eoaquiter  of  the 

impsrt  <tf  the  lesd  retolsttems  tecotpe^ttot  cormit  petoes  was  needed. 
t«atu*rt  can  prodoctlon  has  costiBaed  to  decline  since  the  ptevloiu  studies. 

^  cadsed  tncxeaaed  sabetitiitlon  of  volatiles  for  this  marsinal 
wyly  wl^  assorted  increase  in  LPQ  prices.  ' 

teat  protrams  and  stataaaeiitB  by  the 
aatmnobOe  manafartunfli  Indicate  that  the  fbti^  economy  inoeaae  for  catalnrt- 
^tdwe^ebKdes  win  not  only  he  greater  than  tfie  prevloas  $Jf%  jMoal^dw 
to  towe^  wmpeedl^  ta^  to  ledoce  NOi  emlsstons  and  prepue  tor  low- 
^ane,  leM-f^  gasoline  but  also  will  ai^roxlmate  the  10%  penalty  lor  the 
dU  dt  the  air  pollntioa  cimtiols.  This  change  In  fuel  eemMav  greatly 
I^Jcctfons  of  gsMllne  demand  snd»  0ms,  refinery  operattema 
,g*yd  ^  Inst  Btodiei^  reftnery  process  nnlt  capaditlce  have  increased  and 
toci^Iogy,  pgrttcolaily  in  the  devtiopment  of  snpertor  catalysts  for 
cstsiyoc  cradong  and  retomlng,  has  contlnaed  to  Improve. 

Poton^  erode  supply  reetrlctl(Hi8  to  domestic  reOneriee,  as  Ulastrated  hy  the 
nMql  oU  embwy  infficate  the  seeesrity  of  maintaining  toe  refinery 
output  prodnet  mix  to  meet  seasonal  demands,  e*,  gesoHnA 

ana  xtitt  mla. 

The  in^t  of  this  study  was  to  evaluate  the  efltect  of  lead  phase-down  and  lead- 
so^rlos  on  (1)  crude  rfl  reqnirements  to  meet  projected  petroleum 
prodnet  deman*  (e.K.,  gasoline,  Jet  fuel,  petrochemical  feedstocks,  (2)  iKMinrtataH 
^  enercT  eon^ption  for  refining,  (8)  capital  Investment  (or  strain  on  eon- 
atni  aou  ir^uatry)  andgaaoline  costa,  and  (4)  flexibility  of  the  refining  industry 

PWttcolnrly  to  seasonal  varlatlona  of  gasoline  and 
w^dere!^***^  adiieve  tola,  three  scenarios  were  evaluated  for  each  year 

Bwilatlons  (minimal  presence  of  lead-free  gasoline, 
aafl  premium  grades,  and  distributton  of  r^pUar 
omStrohi)  in  the  gasoline  pool  assuming  no  addittonal  automotive  emiasion 

Gasoline  Marketing,  but  with  No  Lead 
increased  lead-free  perc«>tage 
bo^  propOTtlona^  snbtracted  trom  premium  and  regular  grades ;  3cc/gal  lead 
maximum  to  regular  and  premium  grades). 

Gasoline  with  Promulgated  Phase-Down  (same  gas- 
phase-down  as  promulgated  In  toe 

^  coirfdCT  toe  Impact  of  the  lead  regulations  upon 
?5  petrrteum  products.  Additional  Impacts  involved  to  «s- 
st^e&^  marketing  lead-free  gasolines  have  been  analysed  in  previous 

st^  torecasts  to  mid-December  of  United 

PK^uct  demands  In  an  nnconstralned  environment. 

^e  rranlta  of  this  overview  study  indicate  that ; 

I  ”*1?!^'”’  «®hfient  refineries  (which  represent  toe  malor  source 

rpee  gAsouBe  ana  tlie  lead  pbaae^down.  A  kev  nromisi^  in  fKa*- 

***  RON/MON  gasoline  to  allow  more  Sm 
enrore  mlnlna^  octane  levels  of  91/88  RON/MON)  wUl  pro- 
performance  in  post-1974  automobiles.  (It  is  r^omlid  toat  m 
a«^  does  not  address  itself  to  anal^s^  toe  sneclflc 
no^^thar* refiners.  However,  it  sbo^ be 

C  ******  *"  ereenttally  no  crude  oU  penalty  for  either  B  va  A  or 


■wwwgk  ]Sf6  ttMf«  Is  HBSmtlBT’r  bo  BSt  eoscgy  Inpot  penalty  tor  riUier  B  tb. 
AesOfStB. 

Xke  aaeiaiB  Mst  — «*rgT  inpnfc  penalty  (fnd  oO  eQulvalmt  bari^  for  19TT- 
IMBls  lAont  lOhOWKBIMIOOiB/GD  of  A)  tor  B  ts.  A  and  20,000-80,000  B/CD 
(j.-%s«iieA»esrOfi.B.  .  .  .  .. 

Thioogb  lilt  than  is  usiUTitlBT'r  no  capital  InTestment  penalty  tor  eltber  B 

▼SLAorOmB.  _  „ 

Ttas  avnace  yearty  inyestnent  itenalty  tor  1977  throngta  1960  is  160 

miTn«M»  doUan  (1974  dclun)  to  B  vs.  A  and  220  milUcrn  didlars  to  C  vs.  B. 
Xheae  inesaasntal  cMtftal  twviMtinaBt  flcnies  are  extrunaly  sensitive  to  the  proc¬ 
ess  rootien  sstoetsd.  Phase  11  of  this  study  win  examine  capital  investment  In 
BMm  dMtail.  in  Older  to  provlds  fnzther  intomation  on  tUs  p(rint 
^e  Iwsrnmsntsl  proocss  unit  oonstnieChm  dne  to  the  lead  regulations  is 
lasigBiilQaat  eompawd  to  the  constoetion  necesary  to  meet  the  growth  of  over¬ 
all  petndann  Bsodnet  demand. 

Thronsh  1970  them  la  esssnttslly  no  net  eeonomic  pomlty  (cents  per  gallon  of 
gasoUne)  to  etthec  Sosnarlo  B  vs.  A  or  O  va  B. 

For  1977  through  I960,  the  average  net  eeonmnlc  penalty  Is  less  than  .1  cent/ 
gallon  of  lead-free  gasidlne  to  B  vs.  A  and  less  than  .1  coit/gallon  of  total  gas¬ 
oline  to  C  vs.  B. 

There  is  fesonllsllr  no  net  energy  input  penalty  and  no  loss  of  flexibility  of 
prodnet  yields  to  eltim  Scenario  B  vs.  A  or  C  vs.  B  for  current  refinery  capacity 
Umltattons. 

TABLE  l-l.-IIEnNCRY  IMrACT  OF  EM  LEAD  REGUUTIONS 
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I  AMMfiilGLIJBiOilS 


A.  MVRODUCnON 

The  techaicil  jMlfo  «f  fiwwnil  Uf^ttn  Cotpe/fttim  ^M)  have  devoted 
fon«eTible  efforU  towud  i1iniahi|iini  ntiiftrfrrnr.  mrthndi  tn  ^eet  the  pro- 
po«d  197S/I976  automohile  emiMiaiis  ftandaids.  Aftw  extemive  bboratoiy  and 
eniineeiliig  hiwiillgiMme.  GM  haa  ctiathtded  that  the  aioat  ipapahle  vimach 
fbr  US.  automobOet  to  achiew  the  ^l^<ilMadL^iln^^i^g■a  tfaadw^  it  the  ute  of 
catalytic  afteibiinier  devioet.  Since  lead  aati-hiiocfc  additives  wUdi  aie  pietent  in 
moat  of  today’s  nMhwaoHaaa  act  aa  pahnijii  ^  cafalytic  device^  it  is 
necMhaiy  to  conrider  the  implicatkait  adaaqtdpii|tltl^'lnajBQtor|atolinet.The 
new  eniiatioat  tiandatdt  could  ako  teqoire  si^iificant  dianget  in  picsent  motor 
psoline  volatility,  aapadahf  to  hk«|at|t  Jhe%aecoiuf^piaewanHip  period.  In 
otdea  to  meet  1975/76  emittioiit  ttandatot,<^Jus  dewloped  and  suagctted  new 
spedficatiatts  for  motor  gsaolinei  wUdt  will  satisfy  the  mquiiements  of  catalytic 
afterbamer  devioas  aa>waB  at  aariy  eagiaa.  warm  up  atawiaida.  In  mid-1973  GM 
conaiitsioned  Arthur  D.  little,  Inc.  (AQU  to  conduct  an  overview  study  of  the 
U.S.  refining  industry  to  determine  its  ability  to  respond  to  tiiese  proposed  new 
revitians  in  motor  gasoline  specifications. 

The  scope  of  this  study  was  to  simplify  the  overall  U.S.  refining  industry 
witii  a  computer  model  “composite**  refinery  representing  the  mdor  portirm.of 
U.S.  motor  gM«»B«i>  supply.  This  simplified  model  would  study  the  yield  and 
economic  implicatiaiis  of  producing  several  grades  and  production 
levels  of  special  GM  gasolines.  Accordingly,  our  beak  ADL  refinery  simulator 
model  was  revised  to  incorporate  tiie  GM  specifications.  We  considered  two  time 
periods  in  this  analysis  -  1973  and  1980  cmentions.  Our  model  Simula  ling  1 973 
operations  provided  the  short-term  results  as  restricted  by  existing  refinery 
capacity  limitations  while  the  simulation  of  the  1980  situation  determined  the 
lonrterm  operating  and  investment  cost  considerations  to  provide  supply. 

B.  SUMMARY  OF  RESULTS 

For  current  (1973)  operations  our  remits  concluded  tiuit  up  to  60%  of  the 
refinery  gasoline  pord  could  be  siqrplied  as  lead-free  gasoline  at  91/83  RON/MON 
(Research  Octane  Number/Motor  Octane  Number)  meeting  the  new,  mote  restric¬ 
tive  volatility  requuementa  with  no  gasoliiM  yield  debit.  The  increased  gasoline 
manufacturing  cost  tiut  can  be  attrfimted  to  supplying  this  special  grade  was  less 
tium  O.S  CFG. 


Our  resulta  also  showed  that  up  to  80%  of  the  total  gasolitw  pool  could  be 
produced  as  a  bad-free  grade  meeting  present  vobtiHty  standards  with  no  de¬ 
crease  in  total  gasoline  production  vohime  and  at  essentially  no  increased  manu- 
bcturing  cost. 
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WIMr  ptnlhw  oetmt  tpuMaMom  (p>rtinilMl|i  moler  ■amber,  wbkfa  mm 
flmlimrtint  rpectfioetioa  in  all  eama  ml  Mtatmrtial  lanMae  peaHiw  produeitai) 
am  IncfMad,  Ihiae  it  a  npii  leia  in  pradncdon  aohmae  and  an  aamajatad 
exponentminneaw  in  inaniifirtnilntaoat 


Urn oMdal lawlti  ior  Ariw«<lMO|a|Kailiana  ware  aaNMially  the  anaai 
for  tke  cnmani  aiwiwwini.Atlenf  ortt  i^rnMkitiena  than  vennonunofoc- 
Imhii  fMUena  inarintainintlUlanpply  of  lanMna  molinn  Md  only  noamnl 
mmanin  waniifactmint  coat. 


CMnpated  with  the  1973  caaei,  (utine  (^wratians  edHCh  allow  incaeaaed 
procenint  flexibility  produced  iii(ber  yields  of  lead-fiee  gasoline  at  incteased 
oclano  apariBraHona  lions  set,  it  wna  sttt  not  poarible  to  netd  the  highest 


pnpoaed 


it  is  oaiy  diffionlt  to 


dear  motor  odue 


Pm  naoHa  of  ddsahnly  also  indicated  that  at  long  as  octane  apeci6cations 
an  aaaintaiaad  ntiaaadante  lewit.  foe  mfining  capital  innfonente  to  produce 
leadfoaa  motor  gaaafoNa  an  amal  in  cowpaiiaon  anfo  the  "'■g"***^  of  total 
mnatments  needed  to  supply  the  industry’s  1980  product  nqidraaMnta.  For 
example,  we  estimate  that  productian  of  100%  of  foe  gasdine  pool  as  lead-free 
91/83  ROH/MON  product  at  existiag  volatilities  wiU  m<|uite  a  total  nfinety 
capital  expenditure  by  1980  of  $17^  billioii  versus  $15.0  billion  if  foe  present 
gasoline  gnde  structure  is  maintained,  or  a  net  increase  of  about  1 5%. 

Most  of  the  1980  model  rutu  assumed  a  delivered  cost  for  imported  high 
sulfur  crude  oil  of  $7/bamL  We  also  made  a  series  of  runs  at  hi^er  crude  prices 
wliicfa  foowed  little  effect  on  foe  differential  coats  for  producing  lead-free 
naoHnes. 

C  CONCLUSIONS 

The  results  of  fob  analysis  are  not  substantially  different  from  other  studies 
made  of  this  subject.  They  show  that  the  large,  flexible  and  efficient  refineries 
vrhich  siqrply  perhaps  90%  of  U.S.  motor  gasoline  manufacture  will  suffH-  little 
yield  or  cost  perudties  associated  with  making  large  vtdumes  of  lead-fiee  gasoline 
at  foe  relatively  low  octane  numbers  now  bmng  proposed  by  GM.  Of  course  it  has 
been  pdnted  out  many  times  that  simplified,  fully-optimized  refinery  models  will 
simulate  operating  and  blending  efficiencies  that  can  not  be  achieved  in  foe ’‘real” 
world.  However,  the  sophisticated  long-  and  short-range  plarming  functiom  of  foe 
major  ml  companies  have  evolved  to  the  point  where  optimum  profitability 
programs  can  be  qrproadied,  eqredally  when  supplemented  by  product  and 
cotrqKment  exdianges  between  refineries.  Accordmgly,  we  believe  tiut  foe  essen¬ 
tial  results  of  this  study  (in.,  that  a  91/83  RON/MON  lead-free  gasoline  at 
existing  volatilities  can  be  produced  with  minimum  yield  and  economic  penalty) 
ate  valid. 
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It  k  wwniiBd  ttat  m  owwkw  kutfyaCMtim.lB  which  tiMenOte  U.S. 
wiftii—  hwlimiy  k  wihitd  hito  cm  ooavokk  model  nencfy.  will  madt  in 
mkh— r  npiiilh^pcailtkc.lnokkrtomoi»clam<ir  wipwcMtlhe^mcrwotkl. 
it  would  be  neoeaaiy  to  fubdkide  the  toki  US.  kto  lotkal  nfiakf  legtoat 
which  could  be  dUferentieled  by  entde  Hvpiy  pettem,  pioduct  danendV 
^terUlimlHni,  nflneiy  peecemkf'  optione  and  meoriekd  wikoal  eapikl  and 
opening  aoat  dlllliieutkk.  The  leaidk  of  endi  «  men  dakled  etndy  would 
pkpokrt  paedbli  leeal  peobknk  (euch  m  the  US.  Weat  Coaet)  end  would  kii« 
die  omafl  enalyki  doeer  to  the  “met”  worid  ktnatkn.  We  do  nod  baSeve, 
however,  that  the  legional  analyka  would  levene  the  tiendt  and  conchieione 
noted  k  tide  ouerdew. 

R  dMuld  ako  be  noted  Umt  the  anaker.  kae  effickttt  nfinoke  openliat  k 
the  IhdtedStatm  under  apodal  logkWrckcnmaficee  would  eulter  a  man  eeme 
economic  penalty  for  cootoftini  to  Inw  kad  gaaelhiea.  In  addhion,  aewniodMr 
US.  mflnetiee  produdiit  nkuaiily  qiecialty  producte  nich  ae  hibee  or  anhaha 
wmid  he  deeHealy  penaheed.  Theiefon.  bofan  “bkaket”  nathmwide  alandards 
an  naflatenly  adepted  to  ilgiiftrently  m«ke  US.  aaotor  picdka  nedficationi, 
aome  ncopiithm  dtould  hegkna  of  the  nahiue  paobleme  that  wOl  be  eapeiienoed 
by  then  anktl  lefinen. 
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II.  MOOCLBAtAMPUT 
A.  CURRENT  OKRATiaNS(1S73l 


The  peodMct  ihwimil  Rite  eequM  for  our  limuleRci  of  Rm  oMnpoRte  U.S. 
eeftdog  hiduetiy  hi  1973  mb  Reeeloped  in  the  foloerInK  Rriilan.  We  leeiewed  the 
1972  ctetWlce  puhliihed  hi  the  Jeniieiy.  1973  Whweef  hidiMry  Skfr>ty$  by  the 
U.S.  Bueem  of  Minee.  TeUe  I  eunonariue  the  U5.  mftieiy  output  for  the  year 
1972  at  peeeeated  hi  the  lejMenced  tun^.  We  didnothKhidehi  RUttabttlatioii 
lefieeiy  leeet  and  other  hydwKhrbon  etreame  need  in  enm  Rial  contumption  or 
eatalytie  cncfcing  coke.  Thdte  intenul  nBneij  eNiiami  bm  not  nqohed  et  data 
input  to  our  ehnniatiott  model  but  br  developed  hilenially  by  the  model  to 
mahitehi  mfineiy  amtefial  and  eneiiy  beleiioee. 

Sfaioe  the  puipom  of  ttie  peoject  wu  to  dmiilate  the  oompoeite  of  thorn 
mflneiim  pradudnt  *>>hiar  portion  of  U.S.  motor  totoEne,  we  leviaed  the 
baeic  Bunau  of  Mhiaa  data  to  pmMie  tho  input  to  our  dmulathm  model.  There 
am  tevanl  U.S.  rallnetim  wUch  am  opetated  to  peodum  URi  yMdt  of  ae^ialt 
and/or  kibm  and  low  vohimee  of  motor  ptoline.  Accordingly,  m  mflected  the 
hdluenee  of  them  on  the  U.S.  arnmae  in  demloping  the  ehnulatod  product 
damutde  Rom  our  oooi|KNite  ^hBR^ooBneyieldf*  raflneiy. 

Wephlha  Jet  feet  (7R4)  ooimally  oontahie  about  3W  of  knatene  rtngr 
boRhig  motoflal  and  hence  the  keraaene  jet  ftiet  yield  w»  incieaaed  to  account  for 
tide  volume.  The  nephtha  portion  of  JM  wae  combined  with  adicr  naphthas  for 
eodh  nam  m  petrochemical  manufectum,  BTX.  eoivente,  etc.  into  one  "genemT 
naiMha  category.  We  ellpulatod  In  the  model  that  tUi  “gmemT  naphtha  Mend 
can  only  be  euppBed  by  Ml  boMng  range  ebaWit-tua  naphtha  from  die  crude 
nnit  Shioe  thb  total  amounte  to  only  about  4.4%  of  die  ovod  tcflnety  output,  it 
WM  Mt  that  tfih  oOneoldedon  wm  mtbfhctory.  A  more  rigorom  analyeie  would 
ham  treated  each  of  the  n^dha  product  categorim  separately  with  amockted 
apedficationt  and  allowable  Hendhig  components. 

Two  products  from  U.S.  mfineries  am  currently  suppUed  prfanatily  from 
sources  other  thm  domestic  U.S.  mftiing.  Them  are  LPG  and  low-sulfur  residual 
fled  ol.  Thue  M  lUttt  was  not  neceaeary  that  our  sbrndatioo  produce  exactly  die 
Mme  iiivtflT^it  vofaune  yMde  of  theae  products  but  instead  aBow  volimie  dae- 
ddty  at  pdem  set  by  the  dternatim  supply  aouroes.  Them  am  LEG  fromnatuid 
gthoHoe  plailti  (0  8  CEC)  and  lo«r«idfiir  frid  oB  fanporte  from  the  Chiibbean  (0 
$4.2S/BbO.  However,  M  did  set  arinfanum  volume  mqufaements  for  each  of  them 
products  at  approxtanately  73%  of  didr  hietoricd  production  leveb. 
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T#iUH 

UA  Rtr  Mmv  oinvuT  -  wa 


Nedew 

mawi 

_JL 

GmoHiw  (IneludwAvMon) 

3,3ia 

51.1 

JnFun-NapItha 

7? 

1.7 

-KilaeBN 

333 

5.1 

Bfrem 

0 

0.2 

UW 

121 

2.7 

kwanw 

79 

1.7 

DtMMnFetltM  (IndiidH  OImWI 

093 

31.2 

nneaiPuttoa 

393 

9S 

^38088^ 

109 

iA 

SptdlilNipMw 

32 

07 

LubiiaiHlWui 

71 

1j6 

OBtefilwlM) 

67 

1.5 

Amhett  and  Road  Oil 

163 

30 

Totd 

4B32 

WOjO 

•MMfc  US.Bicawof  Mhat.JManfMkakySMnat*, 
Jmafy  tta 


Table  n  contaiiu  the  pmdHct  deaiaiidt/vedficatiana  for  1973  opentioiit 
which  weie  ueed  at  input  into  our  hate  cate.  It  can  be  noted  that  mott  of  the 
vahune  unitt  thown  for  each  product  (die  turn  of  theae  volume  unite  oulputt 
dKMld  te  appwntwntely  100)  ootntpaad  to  the  actual  1972  outpuU  in  the 
ineeiaut  table.  Sinoe  our  “modtT  refinery  maket  lett  atphalt  dian  the  U5. 
induttiy.  ,a*eafie,  we  have  inaraied  ooke  productian  to  reflect  the  addition^ 
oaoeealan  of  aetUpal  fraction  to  mdine.  Our  choice  of  2S.0  volume  unite  of 
pnmhimataalin  (which  reauka  ii  49%  ptemhoB  on  total  gatoliaelwat  bated  on 
tiatitliGt  peenUad  in  the  1973  NaHoiml  fttwkmm  Ntwt  Fte^ook  itme.  The 
paioentatt  «f  pnminaa  take  for  the  important  metropolitan  aieat  in  the  U.S.  are 
tetmleted  on  pate  79  of  tUt  puhlicatioB  and  when  weighted  by  the  number  of 
retail  outleti  for  each  area  retulti  in  47.2%  premium  in  1972. 

Z  CntdaOilSupphr 

Ihe  input  to  U^S,  refineiiet  for  1972  wat  obtained  from  the  tame  January, 
1973  Mfrernf  ladmtry  Suntyt  by  the  U^.  Bureau  of  Minet  which  wat  uted  for 
ohfrhi^B  the  refinery  rndput  diown  in  Table  I.  Table  DI  lummarizet  the  U.S. 
rrfin^  input  fix  the  year  197X  Note  that  the  cohann  headed  “percent”  it  baaed 
on  the  4,532  NlOlfali  of  total  produett  at  developed  in  Td>le  I. 
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NipilvGMellM 


3S.0 


LMdFiMGMoHm 

NwMIm 

jM  FimI  (KMiMm  ftam*) 

Kmcmm 

UmtlM 

No.2FiMlOa 

Low  Sulfur  FmI  OH 
HViSuMirFMfOH 
LutoSMiStaefct 

A«hilt 

MrolwmCako 


1.1 

4.4 

M 
1.7 
tA 
1&1 
IMn.  4A 
1A 

ZB 

1.7 


Ml«>.  BM 


•To#«*HUDicimMrtV  10a0lo«»l«WPUt 


KaAHfiafia. 


MIIM«n.iaZMOIMIhi.BB 

fftHtm.  laTEWte.  M 

M)HMIn.B4.IMH4|l«.M 

ftVMto.  10, 7BL4to«-  M 
IW)IMMn.H9,»IOH4»ln.B4 

SuM-Mw.  ai .  API  GrwHtv-Mn- 4B 

MMlw.  0.1.  API  Grorltytlw-  46 

aulMlln.0Z 

Sulf-lltaR.0Z 

SUII-MOX.0.B 


TAW-E  III 


UARCFIIMEIIV  ilPWT  -ww 


OenwMleQniBi 

FoMlinCniBi 

UMmkMOBi 

lf6(Bunn«l 

NMuraiOMHiw 
Flwit  OondwMiH 

Otiwr 


Totil 


MMBbl 

*• 

' 

3/174 

76.7 

tar 

17JB 

S2 

1.1 

86 

IS 

164 

3S 

53 

IS 

10 

OS 

4,646 

102S 

•B«iU:  4^32  MMBbIt  Pnulucli  Bwwn  In  Tiblf  I. 


US.Buraouof  Min»$,*f*»*iuf  HnAwWI’ 
Sumyt,  Junuurv  1*IZ 
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NMtA  Special  Repoct  Nuater  3  mUM  U.Si  Domeuk  Ntroleim  Re/Mig 
htimtry’i  CtptMUy  $o  hoem  SmmtJSmf  Cntit  OK  iadicale*  that  about 
taaMbMa  of  UJ.  dqi|iMl(''bi||4a  AMt  be  ic^paRUliid  m  aareet.  The  nuie 
publcatiaa  iadicatea  that  abent  half  of  bivafted  cnida  to  the  U.S.  ia  aareet. 

The  ndtaqr  aevaalefielaauppljruddchaadeaeloped  for  our  1973  nfiaaay 
outdel  input  ia  dMam  in  Table  IV.  Note  that  die  inemnental  cnide  (dl  uaed  to 
balanoe  tte  paoduct  date  am  bnpofted  aour  erode  %  S3.7S/BbL  The  aaaibMUty 
of  pufcbeaed  adbMbl  gaa  aaa  beaed  on  the  laiaat  biatoakal  infiwatinn  aaailabiB 
nUdi  am  far  Aeyear  1971  fPhial  Summaty)  pubUahed  by  the  U.S.  Buieau  of 
Mnea  on  DeoaiMbet  lO,  1972. 

TAltf.iV 

■fnimv  RAH  MAtCMAL  Mjertv 
AOLHOOft  WHUT-tHWOHRATIONi 


ValamUaluC  Pim-tHt 


OomMie  Samt  Ciudt  oa 
OoMMie  Sour  Cnidt  Oil 
ImporM  Saaat  Cnidi  Oil 
ImpertidSourOnidiOH 
NitunIGMoam 

noniMi  oumm 
ItobutMi 

PUrchMKlG«(F.  0.  e) 

*  TeaNeniPM  »*»■»■>»  MaeTaMOMputai  dafliMd  in  TiMa  II. 

For  our  oanall  aariape  of  U.S.  refining  nine  the  foUoaring  erode  oila  were 
uaed  to  aiinulate  the  four  baaic  catagorifi:  droneatic  aueet  -  Louiaiana,  domestic 
aour  -  West  Texaa,  imported  aamt  -  mixed  rngariaii  bnpoited  sour  -  Arabian 
Ught.  The  oompoaite  Of  theae  erodes  in  die  proportfam  made  available  very 
doaeiy  ^proximatea  die  avenge  sulfur  eontent  fed  gravity  of  U.S.  crudes 
charged  to  refineries  as  indicated  in  Table  V.  We  allowed  our  model  refinery  to 
reduce  purchases  of  normal  butane,  iaobutane  and  natural  gaa,  if  profitable,  at  the 
price  leveb  indicated  bi  Table  IV. 

B.  FUTURE  OPERATIONS  (1880) 

1.  Product  Demands/SpeelWeeliona 

Since  oil  ia  only  one  of  the  major  fuels  consumed  in  the  U.S.,  it  is  necessary 
to  first  detenniiie  what  role  oil  w91  play  in  the  total  oiergy  balance  in  1980.  To 
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KiaLEV 
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LouWaM 

46 

36.2 

02 

WaalTaaai 

39 

33L2 

1.7 

MiiadHImrtm 

t2 

38.6 

02 

AmUmUgM 

tg 

3U 

1.7 

Ajfy^lji  fff  Almrt 

34.1 

87 

1971U.S.Aaaraga 

rfansoon 

32.6 

0.7 

Im  -‘  -  *— ■* - -> « 

iMiiMB  tivn  ora  in  wn  nmoa  HCPon  oi  vw  nnvnRiBnBf 


do  thii  «c  dMdcd  the  U£.  enefijr  market  into  live  primary  enerpy  conaiming 
rnnketi:  makieirtfal/commerdal.  tnaupartatkm.  utffities,  indualry,  and  miacel- 
laneout.  Pot  our  baae  year  (19l2)  we  then  determined  die  Btn'k  of  energy  and  the 
primary  form  (coal,  oil,  natural  gm.  hydromidear)  each  conauming  market  uaed. 
Applying  the  Mne  vowth  rater  aawmed  in  the  National  Petroleum  Coundl’a 
^Initial  AppnttaaT''  and  in  its  inteanediate  demand  eaae  in  the  **U,S.  Energy 
Outloak.”*  we  protected  the  total  Btu’a  which  would  be  required  in  1980  by  each 
conauming  aector.  Having  fmecaated  the  total  number  of  Btu’a  required  by  each 
conauming  aector,  we  dien  eatimated  the  percentage  diate  of  the  total  Btu’a  in 
each  aector  which  would  be  fuUUkd  by  oA. 

We  actually  determined  a  tinge  at  dO  demanda  by  examining  the  impact  of 
duee  acerwrioa  on  the  total  demand  f«  oil.  Each  of  the  three  caaea  maker 
aaaumptiona  about  the  poaitiion  ediidi  oil  wiO  hoM  in  each  market  relative  to  oil’s 
1972  diare.  For  example,  in  (me  caae,  which  was  deaiined  to  aimulate  a  situation 
of  maximum  on  demand,  oil  was  aananed  to  hold  its  1972  political  and  absorb  all 
of  die  powdi  in  the  residandal/cominercial,  tranqmrtalkm  and  induatrial  mar¬ 
kets.  In  die  utility  market,  oil  was  presumed  to  not  only  maintain  its  share  and 
assume  all  gowtb,  but  was  aasigned  to  repisoe  all  naturd  gm  cuiiendy  consumed 
by  that  sector.  The  other  two  scenarios  explored  a  maximum  nuclear  case  (in 
which  oil  ffowth  is,  therefore,  minimal)  and  a  moderate  course  in  vdiich  oil 
participates  in  powth  in  energy  demand  in  proportion  to  its  1972  market  shares. 


1.  NMianil  l^trolwm  CouncB.  “U.S.  Enwgy  Oullaok:  An  InHW  Appraisd  1971-1886." 
Wovambar  1971. 

2  Nadonal  Pvrrolaum  Council,  *\IB.  Enaify  Outlook,"  Popombar  1972. 
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The  pfoduct  demtad  input  to  our  ADL  tc&neiy  model  for  1980  beie  ceie 
qpenrtkme  ie  dioem  in  Table  VL  AB  praAict  demande  wem  fixed  except  LFG 
(addeh  me  iBemd  to  mH  dbdea  a  tobiiaium  pndnctien  lead  at  S8.00  per  band 
mflaaty  netback)  and  tow  niiftir  leddad  Itad  ofi  (whieh  wm  allowed  to  produce 
up  to  a  onttonwn  of  ISS  eohane  d  S9.00  par  hand).  The  mddud  fiwl  oil  bm  a 
beatlnt  vdM  appwwbnatdy  donUe  that  of  UG  w  there  ia  a  nibatantid  “fonn*' 
value  pnmiiiin  tor  the  LPG. 

We  cenddeiad  taro  bade  eeenariot  for  grade  diftribulka  of  the  totdpioline 
pod  in  the  beee  caae.  Scenario  I  amutned  that  theia  would  not  be  wideapread 
conaenion  to  automotive  enginea  etpiipped  with  catalytic  afterbninen  mipiiiing 
leadtoee  paoHne  and  that  the  present  paoHne  pade  datribution  would  dump 
only  aUghtly  to  47%  premium  paoline  and  6%  lead  five.  Scenario  n  amumed  that 
a  major  ddtt  to  a^lerdfree  92  octane  gaaoHne  would  occur  for  1975  and  later 
modeb  and  toat  by  1980  the  baae  caae  overall  pedtoe  output  would  condst  of 
3%  pcamiuffl  and  41%  lead-fiae  92  RON. 

Thia  apacification  (92  RON)  ana  choaen  to  lapicaent  the  low  lead  pades 
currantiy  bdng  aqiplied  and  ahould  not  be  eonddeted  a  formal  recommendation 
by<af. 

We  antidpate  a  reaction  in  petroleum  coke  productioa  ooncunent  aritii  the 
hicreaaed  profitability  for  produdng  toiMulfur  oil. 


TAiUVI 

HtOOUCTDaiAWW 
AOL  MODEL  MTUT  -  tWEnOPeUTION) 


LK  Mn.  2A 

OeioliBi  40.1 

Nmaato  3.0 

Jet  FuU  (Kamaw  ftangd  7A 

Kwossfu  2.0 

OM  Fu«l  5D 

Nd.2F«IOI  20t) 

Low««ilfw  FudOl  mx.  15.0 

HigMutrurFMlOn  1.0 

UAeBanStoeki  1.3 

Amtidt  2.0 

Itoiohum  Cefce  1.2 


*Tooi«eaaaroaanetdy  MOJO  Told  Output. 
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2.  Onidi  OH  Supply 

Hm  nfinefy  nw  mtleint  wp^  wUclkfu  d^p)pfaHf«aur  19|0M6Miy 
model  ii9iit  ii  dwwn  in  TeMe  VO.  We  eMiimed  that  the  domeadc  cnidc  ofl  total 
would  appnxiiiiete  SOA  of  the  erode  date,  of  which  60%  wae  ewnet  Atam, 
imported  aour  erode  od  wee  the  incmiiHital  erode  mpply  and  in  1980  it  waa 
amumed  tn  eoat  |7in  pat  heonl.  datheied.  Althwiih  thie  may  aipeificially 
appear  louti  jdda  ii  aUplhenlfhr.poar  ^mlly  erode  oil  and  other  erode  ode  whioh 
aif  edhiad  |e  parity,  th|e  aptaence  erode  had  mjucfa  hii%ec  vehiea  ^nd 
dtjeaumad  petoaa)  ealatii^  hy  dm  1980  heae  ceee.  The  dteneedn  aour  cn^  od 
(Weat  Teaae)  wee  valued  at  $7.25  a  benel,  the  domealk  eweet  erode  od  CUniie- 
imu)  wee  valued  at  $8.30  a  band  and  the  imported  eweet  erode  od  (Niterian 
ndaed)  wee  valued  at  $8.35  a  benel.  However,  to  teat  the  aemitivity  of  lead-iree 
WeoHne  econoouce  to  erode  price,  we  made  aome  nuia  at  hiaher  erode  piicea  ($10 
a  barrd  for  deliveted  Arabian  light). 


IML8VII 

MPmcRV  RAW MfiTrniM  wdriY 
AOL  MOOIL  MPUT  -  ImOOraUTION) 


VabroeUMN 

Mae-gAM 

Domauic  Sivaat  Crude  OH 

300 

Oometde  Sour  Crude  OH 

20A 

Imported  Sunat  Crude  OH 

10.0 

Imponad  Soiwtkude  OH 

TolHltnea 

7jOO 

Netural  GaioHna 

2.0 

Normal  Butane 

bhn.  tX> 

8M 

ImtHitene 

Max.  1X> 

We  anticipated  that  normal  and  iaobutane  purcfaaae  pricea  would  be  oon- 
fiatent  with  the  tefinety  netback  price  LPG  (moelly  propane)  and  reflect 
market  ptemiunH  for  theae  products  due  to  deoeeaed  availability  of  natural  gas 
liquids.  Ulus,  we  adorned  our  1980  refiaary  to  purchase  normal  butane  and 
isobutane  at  pdoes  of  $8.00  per  barrel  and  $8.50  par  banal  respectively.  Propane 
(@  $8.00  per  barrel)  hat  a  lower  heating  value  than  either  normal  butane  or 
iaobutane.  We  aaautned  that  the  availability  d  natural  gasoline  would  decrease 
fiom  3.5%  volume  to  2%  volume  and  that  purchaaed  natural  gu  would  no  longer 
be  available  for  refineiy  uaa. 
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III.  MODEL  REgULTS 
A.  CURRENT  OKRATIM(1«73) 

1.  BwONt 

Ikai  Opllmliiiwl  nflMiy  maMrial  bMnoe  fbr  the  bMe  ca*  k  dtown  in 
TUbfc  VBl.  It  OBI  lie  aen  that  tlie  noaet  did  not  And  It  economIcaBy  attncthe 
td  pabmat  a  aaik  inclemantal  cmde  offl  (IniiiMted  four  at  S3.7S  per  band)  and 
aatr  a  aaDdi  UG  (a  8  CEG)  and  lowadlar  ictiduat  fbel  OH  (tt  $4.25^  par 
lBMI)atM  I^P72 aetudn. 


TiMLEVIII 


REFHMIIV  HATBIIAL  MUUICE 
laPBAaecMC 


taka 

1SP3 

OofiMtie  Swat  Crude  Oil  . 

W.43 

Detmde  Sbir  Oudi  Oil 

30JM 

linportMl  Swatl  Crude  OH 

12J8 

Imported  Sour  Crude  Oil 

SM 

Netwel  Geeolim 

3A1 

Noniiel  Buletw 

1J» 

liobutene 

IAS 

PurcheeedG«<F.O.EJ 

3A1 

Total 

lOajBO 

Outtonr 

ia3 

IJPG 

2joe 

RemiumQeaolltw 

26.79 

Heaulw  tIaoHWe 

26J9 

Lea  Free  OeeoWwe 

1.13 

Raidke 

494 

Jet  Fuel 

679 

Keroeetn 

176 

DIaielFuel 

6.16 

No.  2  Fuel  OR 

lOJO 

li>w«uirur  Fuel  Oil 

4.70 

High«ulfw  FuelOH 

1.03 

LuboBeeeStocfci 

1A4 

Aaheil 

2AB 

hUuleumCoko 

1.76 

Totd 


1 


100.00 
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A  smidified  leflnny  flow  iliaftam  of  the  j»occ«int  lequence  selected  fcr 
the  bwK  cue  i«  gtwn  in  PigiiK  I.  A  detailed  description  of  the  modd  opentiOQ 
sod  the  denrelopraant  of  technical  lefhiisf  data  uied  u  input  tor  these  runs  it 
■isett  in  the  appendix  lo  this  nport.  Of  special  interest  is  the  variatiou  of  feed 
edacity  Uniitatkm  for  coneeiaion  units,  such  u  catalytic  cnckinc  and  tefoimint. 
«  a  functiaa  of  ptooesring  severity.  For  example,  if  it  is  desired  to  incsesse  the 
catalytic  cncker  conveisson  &om  65  to  on  an  existing  unit  at  feed  capacity, 
it  is  necessary  to  reduce  intake  by  S%. 

Tahie  DC  provides  a  oomparison  between  the  processing  unit  intakes  selected 
by  the  model  for  the  1973  base  case  operatim  and  the  individual  unit  capacity 
hmits  reported  in  the  April  2,  1973  Oil  and  Gas  Journai.  Our  optunixed  com- 
poeite  refinery  checked  fairly  wril  against  existing  unit  limitattosks.  There  sie 
some  refinetiu  which  charge  atmospheric  crude  distillation  column  bottoms 
dixectiy  to  thermal  opetationt  inatead  of  via  vacuum  distiUation.  This  is  one 
reason  why  our  vacuum  distillation  intake  h  sh^tly  higher  and  ttietmal  intake 
lowu  than  industry  capacity.  The  catalytic  reforming  intake  lequiied  by  the 
fflodd  vru  lower  than  mdusby  caparity  available,  reflecting  the  mote  efficient 
octane  improvement  inherent  far  a  completely  optimized  system.  It  also  reflects 
(he  stntplificalion  of  treating  BTX  manufacture  only  as  a  debit  from  the  general 
naphtha  pool  and  thus  not  requiiing  lefotmitrg  caparity  to  produce.  We  estimate 
that  tndudiog  BTX  with  reformate  productuw  would  add  2  to  3%  to  reformer 
intake.  Sinoe  we  are  examining  delta  yirid  and  economic  effects  from  an  opti- 
iiii»d  base  cau,  the  devkhon  caused  by  this  simplification  is  not  signifiesnt. 


TABLE  IX 

nngMgE  CAfE  MEFatEM  gaWULATION 
UA.  mOCEMBUg  CAPACITY 

Uak  rasastly*  MedsIHeian 


OudsOWilMkin 

lOOil 

10(M> 

Vscuum  OMHIstion 

a6A 

3B.7 

CfWytie  Rafermina 

26A 

1BA 

CstwytieCrsckinB 

32.2 

30.e 

HYdrooediini 

eJ2 

E.1 

Alkyliifon 

6JS 

67 

Tharmri  OpwaHom 

10A 

6.1 

*BaUt  OUtnlGmJourml  -  Apri  2,  IP73. 
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2.  PannMrIc  Rum 

The  ptooBMiiig  unit  capeeitiei  cekuleted  at  nquind  for  the  opthnized  be* 
cue  lefinaiy  weie  then  uiboittted  «t  <Ut«  input  to  limit  mexhnum  procemnt 
hitilEewilihiltlii  term  whuRMiH  I973nai.  Wetheuqnlenatiaaily  iuoened 
the  yield  aii4  octane*  of  leod^M  laaolinei  both  with  the  new  pn^oaed  volatility 
qiedficatigm  and  with  exiating  volatiUtie*.  The  ptopoaed  new  GM  volatility 
specifications  aie: 


10%  evaporated,  ^  F 
50%  evaporated,  *  F 
90% evaporated,*  F 
endpoint,  *  F 
Reid  vapor  pressure 


140  ±  10 
200±  10 
300  ±  10 
365  maximum 
84 


The  first  set  of  parametric  runs  consisted  of  increasing  volume  yields  of  a 
91/83  RON/MON  unleaded  gaso&ne  at  the  proposed  new  GM  volatilities.  The 
•noUne  yield  penalty  associated  with  producing  tins  grade  of  gasoline  is  presented 
in  Figure  2.  It  can  be  seen  that  up  to  60%  of  the  total  gasoline  pool  can  be 
produced  as  a  lead-free  91/83  RON/ldON  new  volatility  product  with  no  yield 
debit  in  our  simulated  refinery.  Processing  unit  intakes  were  limited  to  base  case 
availability  (with  iqrproptiate  cqracity  adjustments  made  for  changes  in  operating 
severity).  When  the  entire  refinery  gascdine  pool  is  produced  as  a  lead-free  GM 
pade,  gasoline  output  was  reduced  to  90%  of  the  base  case  level.  If,  however,  the 
gasoline  is  allowed  to  meet  existing  volatility  specifications,  then  up  to  80%  of  the 
pool  can  be  produced  as  lead-free  grade  with  no  yield  penalty.  When  the  pool  was 
increased  to  100%  lead-fiee,  nearly  99%  of  base  case  gasoline  production  can  be 
maintained. 


Rgure  3  provides  a  simplified  flow  diagram  of  the  case  producing  100%  of 
the  gasoline  pool  as  a  lead-free  grade,  but  at  existing  volatility  specifications.  It 
diould  be  noted  that  this  case  produced  99%  vohime  of  the  total  base  case 
gasoline.  The  key  processing  difference*  were  an  incseaae  in  reforming  severity  to 
97  clear  RON  from  91  (at  a  reduction  in  feed  rate  from  17.1  to  16.7  MB/CD)  and 
an  increase  in  catalytic  cracker  conversion  from  78  to  85%  (at  a  reduction  in  feed 
rate  from  27.4  to  26.9  MB/CD). 

Hgute  4  provide*  fire  economics  associated  with  tte  parametric  case  of 
increasing  lead-free  gasoline  yield  at  91/83  RON/MON.  The  base  case  operation 
indicated  that  a  13.8  CPG  composite  reffamy  gasOHne  netback  was  required  to 
cover  all  raw  material  costs,  refinery  operating  expenses,  and  a  20%  before-tax 
return  on  capital  investment,  less  by-product  credits.  For  all  parametric  cases  the 
individual  unit  raw  material  costs  and  by-product  credit  price  levels  were  kept 
constant,  including  the  balance  of  the  conventional  motor  gascdine  pool.  All 
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cmMi  «  MMi  im  to  otwii**  in  iiftiiii  iwntoii  i  nw  atoMteli.  Nentiy 
ctoilil  wd  opMattog  cwli.  to*  hy-fwdaet  ftodactiaa  iMali  ««n  NflMtod  to  tha 
tohw  of  to*  MW  CM  ttoiliM  toi*«. 

>tooal*toitoto*totollMtollMir»<iwtotototo— oftotolhw— oltoi 

—  . - -  1[-‘MrT  Tf  till  -nintoHnnil  itolnw>  jniil 

1Wi  to  tooMM  0*  to»  «!*•  tottotooM  to  Mtoto/toad  wiMptoMtoy  twa*  <to» 

pradMct  pi*e.  Whea  it  to  detond  to  aake  a  naB  paneatote  of  tto  pool  aa  a 
aapoiate  leadAw  vade  aad  ine  thoae  cotapoBeata  toaat  auoeptible  to  toad 
aMtooaa  to  thto  lada,  than  to  aa  eooBOtoie  kaaaat.  Haamar  aa  axpactod,  wtoa 
Iha  pwntatop  af  toaMoa  «B*a  tonatow  to  atoato  dM.  than  to  m  acaaonic 
dabtt  aaaociated  arith  pmitortoi  tUa  praduet.  Tha  dtotol  dinaaaa  to  paalaa  aoat 
betwBui  the  80  aad  100%  levda  nitocti  the  nductioa  to  ytoU  due  to 

paaaaatoag  aato  hotttonorhi  lattoer  thaa  a  dtofcnthailty  to  Ihnitomwtel  aupply 


We  hatie  abo  tooam  to  Ftotoud  the  aoto  far  pmductog  100%  uatoadad 
paaltoa  at  astoliag  aototBHtoa,  wUdi  to  aeaeattoly  tha  aaaw  ae  the  ban  caae  coat 
Iha  iamaawd  taflaeiy  pwcaatoa*  nqidnd  to  catoe  Aa  pool  etoar  awtor  octoae 
■Btober  Oooi  tha  ban  ctoe  toni  af  814  to  83  toaaeeatUHto  oftot  hy  atoatoathto 
Iha  toad  additifa  coati. 

Iha  foartoatont  fioae  Ihto  lat  of  panawtric  luoa  diauU  not  ba  aiipitoint 
toMB  toadtor  atudtoa  ban  todioated  that  than  an  no  eatan  aconoaeic  or  ytohl 
panaHtoa  eeenriated  adA  producaic  toadliaa  pMotoiaa  of  about  Aa  91/83  RON/ 
MONleaaL 

Another  afgaiBcaBt  potot  to  that  the  ban  can  toadod  laeolton  each  had 
about  aa  Soctaae  eenMMty  (La.,  RfNi  mfan  MON).  Houanr,  wbea  toad  to 
latBoaed  ten  the  niaaty  pooL  motor  octann  dacnan  telar  Ann  naeareb  aad 
Aue  become  the  lhaitiag  iparifirafion.  For  exaatoia,  to  catalytic  nfarnAii, 
tocnaAif  aentity  to  ntoe  ctoar  laaearcfa  octeae  number  12X>  uniti  wiD  tocnaae 
dear  motor  octane  number  only  7.9  units.  Thm,  to  older  to  aaeatAe  83  MON  M 
100%  CM  piaoline  and  the  new  vda^ttos,  a  renarch  octane  number  of  92.7  (or  a 
“■nreaway”  of  about  1.7  naeareb  octane  unite)  am  lequiied.  This  pheactnenon 
continued  tfarouibout  the  nmainder  of  the  1973  and  1980  runs. 

In  Aa  next  nt  of  pananMc  runs,  30%  of  the  total  paoliae  pool  arm 
pniduoad  n  toadtea  mdn,  apita  at  both  new  and  axtottog  aolalflities.  It  uas  fbk 
that  Ala  30%  can  «n  aa  toipaitant  soeamio  to  eMBdae  to  that  if  new  staadank 
■a  toipnnri  oil  tha  IL8.  nfiataf  toduatiy,  it  wil  take  about  three  yarn  befon 
amfor  additions  to  procesAig  units  can  be  made.  Thus  up  to  30%  of  the  pool 
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ke  ihmIwJ  m  th(  mm  tadm  tom  nflaBriat  wUck  an  itll  Uatitad  by 
MMkg.pMMMliw  o<bbMty.  Per  ihMa  ran  ra  wieeraiwty  tocnaied  nrtu 
lanbm  froai  91/83  IKNiVIION  to  99/91  Cer  On  wtaded  padee.  Rtan  S 
Mkataa  tha  yMd  nduettoo  paoaky  for  produeiat  the  Of  padet  ai  Baotor 

ba  itodBeadal  tta  aaee^oMMIaa  adik  ao  yWd  peaai^,  nhilB  ap  «a87  octaae 
caabapaBdBBadetaJdetbn  iiibilMMw  wMkaoyMddabtt.WgandkeeaeaaaBy 

taatkayMdi 

ipoali 


kaMoeOMpnds 

samta. 

n* 

n7  MIom 

at  toe  Ml 

•  eoilivlll 

ooate  far  frodaclag  tha  aeat  aakaded  padea 
AaoEpeclad,  i 


11n  kmtmtot  pamaeMc  laaa  for  1973  apaatkMa  «aa  m  100!b  anlraded 
peoUae  production  at  iaonadat  notor  octane  nuaibcr.  npuc  8  ehowt  the  yieP 
deckae  ae  octane  number  it  inenand.  For  the  exietint  volatility  catet,  the  model 
eoadd  anha  ap  to  86  dear  nattor  octane  aiaaber  befon  hecowira  iafeadhie.  At 
Ike  am  ualattHHii.  83  era  tha  anriaaiiB  dam  motor  octane  number  poeaMe. 
Hpaa  9  pmaeata  the  acoaondci  for  them  nan.  Incwaeing  dear  motor  octane 
anaiber  kwB  83  to  86  p  adetkp  volatlitiea  wiB  ooat  about  2  CFG  in  the  1973 
bate  caae  refinery. 

Hpaa  10  ihara  toe  tiaipiifled  mfinery  ptoceeelad  mqueace  for  produdag 
30%  nnleadedtaeollBart  toe  new  pwipoeBdGMfvolatilitiBe  end  97/89  ROM/MON. 
The  nador  difhrenoee  from  the  1973  taee  ceaa  are  incteaaee  in  nformer  severity 
from  91  to  96  and  catalytic  cracker  convenkm  from  78  to  85.  To  make  30%  of 
the  pool  at  365”  F  nux.  endpoint  (E.P.),  the  foUouing  steps  were  taken.  Re- 
fstnsn  fced  BP.  was  lewtied  from  375  to  340^  F  to  produce  a  low  EP. 
reftnmto  blead  slock  for  the  (%f  pade.  Both  slrai^-fun  and  heavy  hydro* 
enckad  toed  stocks  wen  adfaaled.  A  portion  of  the  Ml  lanp  oetalytic  cracked 
peoUae  van ‘Vertn’’ to  paodoce  a  low  BP.  Wend  oemponeiit. 


B.  FimmCilFCfiATIONS  (MBOl 


The  initial  baae  caae  run  for  1980  adopted  Scenario  I  described  in  the 
pa  duet  demand  aeeliao  (Le.,  aaaaaing  toe  laeatiaaation  of  present  pade  mix  of 
psasskan  and  had  free  peotonwitoia  the  pianlkwrnW).  For  this  cam  the  modd 
ceicuieted  a  coapodte  paoHne  netomk  of  25.26  CFG  lequhed  to  cover  taw 
material  costs,  laOiianr  opemfins  expenam  and  capital  recovery,  len  byproduct 
creditt. 
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FIOURE  $  UraOKIUTigM-OMaAIOIJNC  PRODUCTION  VERSUS 
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FIGURE  S 
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The  altemative  base  case  as  described  in  Scoiario  H  in  the  product  demand 
section  (i-e.,  the  fasoline  pool  in  1980  win  lequin  esaentiaUy  r.o  premium 
pasotine  and  a  high  vohmie  of  leadr&ae  product)  resulted  in  a  composite  gasoline 
manufacturing  cost  of  25.00  CPG  or  a  reduction  of  only  0.26  CFG  frmn  the  oOier 
alternative.  Since  thia  scenario  easentiaUy  replaced  a  leaded  100/92  product  with 
an  unleaded  92/84  pade,  riteie  was  little  change  in  lefineTy  processing.  The 
primary  reason  for  the  reduced  manufacturing  cost  of  the  composite  pool  was  due 
to  the  large  reduction  in  purchaaed  lead. 

Table  X  presents  the  refinery  nuterial  balance  for  the  1980  base  case  under 
file  first  scenario.  It  can  be  seen  that  the  model  found  it  attractive  to  produce  a 
Ugber  volume  of  marginal  LPG  than  the  minimum  qiecified,  and  also  to  make  the 
maxiinum  allowable  volume  of  low-sulfur  residual  fi»l  oil.  A  simplified  refinery 
flow  diagram  for  this  base  case  is  fiiown  in  Figure  1 1 .  There  is  a  reduction  in 
catalytic  cracker  intake  and  conversion  versus  the  1973  case,  but  increases  in 
catalytic  reforming  intake  and  sl  erity  and  hydrocracking  operatirms.  The  hi^er 
concentration  of  sour  crudes  caused  increased  distiliate  desulfurization  as  well  as 
the  introduction  of  catalytic  cracker  feed  and  residual  fuel  oil  desulfurization. 

2.  Paranwtric  Runs 

The  first  set  of  parametric  runs  was  made  by  systematically  increasing 
production  of  a  91/83  RON/MON  lead-free  gasoline  at  both  the  new  and  existing 
volatilities.  Allowing  flexibility  to  incorporate  new  refinery  processing  equipment, 
it  was  possibie  to  maintain  100%  of  the  base  case  gasoline  production  at  these 
moderate  octane  levels  for  aO  cases.  Figure  12  shows  the  increased  manufacturing 
cost  associated  with  producing  an  increasing  percentage  of  lead-free  gasoline.  As 
in  the  1973  rtins,  it  is  possible  to  manufacture  esaentially  100%  lead-free  gasoline 
at  low  octanes  with  no  significant  increase  in  cost.  Again  it  should  be  noted  that 
the  motor  octane  number  was  the  limiting  product  reification  at  the  high 
percentage  of  lead-free  supply.  For  example,  in  the  100%  lead-free  gasoline  case 
with  new  volatilities,  the  research  octane  number  was  93.6,  or  a  “giveaway”  of 
2.6  octane  units. 

Hgure  1 3  shows  a  aimpHfied  refinery  flow  diagram  for  producing  100%  GM 
gasoline  at  91/83  RON/MON  and  existing  volatility.  This  case  produced  exactly 
the  same  volume  of  motor  gasoline  as  the  1980  base  case  but  requited  an 
additional  1.2  unit  volumes  of  crude  oil.  However,  there  was  an  offsetting 
increased  production  of  1.4  volume  units  of  LPG  (the  only  product  outturn 
allowed  to  vary).  Although  the  lead-free  gasoline  consumed  mote  crude  oil,  an 
offsetting  credit  irmst  be  given  for  the  increased  supply  of  LPG  .which  carries  a 
premium  form  value  in  the  marketplace.  The  significant  changes  in  refinery 
proceming  sequence  from  the  base  case  include  a  substantial  increase  in  catalytic 
reforming  feed  from  22.6  to  27.0  MB/CD  and  an  increase  in  severity  from  95  to 
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99  RON.  Catalytic  ciacker  intake  deoeaied  firom  I9R  to  1S.7  MB/CD  with  an 
offoettinc  inoeaae  in  hydiocrackinc  feed  from  7.7  to  12.1  hIB/CD.  Polymeriza¬ 
tion  opemtions  wen  diaoonthitied  and  all  okfint  were  alkylated.  All  them 
operating  changer  are  conaatent  with  the  need  to  iacreaie  dear  motor  octane 
number  which  ia  ie<iuind  with  the  removal  of  lead.  The  other  maior  proceming 
change  was  the  introductiaii  of  CS/C6  iwmierizatian,  another  procev  which 
faecomet  attractive  at  reduced  lead  levels  due  to  the  high  lead  susceptibility  of  Bght 
straight-run  blend  stocks. 

The  next  set  of  parametric  runs  was  made  with  50%  of  the  refinery  gasoline 
pool  being  supplied  as  CAf  grade  gasahne  at  both  the  new  and  existing  volatilities. 
The  percent  reduction  of  total  gasoline  make  is  shown  in  Figure  14  for  increasing 
motor  octane  numbers  of  the  lead-free  pade.  Up  to  87  dear  motor  octane 
number  can  be  made  at  the  new  Qd  volatilities  and  up  to  89  dear  motor  octane 
number  at  existing  volatilities  before  any  yield  decline  occurs.  Figure  IS  shows 
the  same  tesulls  with  the  gasolhw  rethiction  reflected  as  percentage  of  the  GM 
grade  rather  than  the  total  pool,  which  doubles  the  magnitude  of  the  dedine. 

Figure  16  shows  the  increased  GM  gasoline  manufacturing  costs  with  increas¬ 
ing  motor  octane  number  at  50%  GM  gasoline  production.  An  increase  of  8  motor 
octanes  (from  83  to  91)  results  in  an  increase  of  nearly  7  CFG  in  manufacturing 
costs  wifii  existiog  vobtUity  spedficatians. 

Fi#«e  17  is  simBar  to  Figure  16  and  shows  the  increased  GM  gasoline 
manufacturing  costs  for  new  volatilities  under  the  1980  Scenarir  ll  base  case.  The 
50%  of  the  total  gsMliiM  pool  treated  as  conventional  grade  structure  contained 
only  3%  premium  and  41%  92/84  lead-free.  The  results  of  this  series  of  tuns 
essentially  dupBoated  those  starting  from  the  Scenario  I  base  case. 

The  next  set  of  parametric  runs  was  at  100%  GM  gasoline  production  at 
inaeasmg  motor  octane  number.  In  this  series  of  tuns  the  change  from  feasible  to 
infeasible  operation  as  a  function  of  motor  octane  number  was  so  rapid  that  the 
f-JioBne  yield  declined  from  100%  to  0%  witiiin  an  htcrease  of  only  one  adiole 
motor  octane  unit.  Thus,  all  the  points  diown  in  Rgute  18  (which  plots  increased 
manufacturing  costs  versus  motor  octane  number),  maintained  100%  yield  of  the 
base  case.  Again  the  rqrid  increase  in  man'.uactuting  costs  associated  with  higher 
motor  octane  numbers  is  readily  apparent. 

To  test  the  sensitivity  of  our  results  to  even  greater  increases  in  purchased 
crude  prices,  we  made  a  set  of  nms  at  SIO^U  delivered  cost  for  impented  sour 
crude  oil.  The  new  1980  base  case  (under  Scenario  I)  calculated  an  increase  in 
composite  gaaoBne  cost  from  25.26  (7G  to  35.50.  Figure  19  shows  the  increased 
gasoUne  costs  versus  motor  octaiM  number  and  displays  a  sunilar  (though  dightly 
steeper)  slope  than  that  shown  in  Figure  18. 
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3.  Capital  Inwaatmanti 

The  ovtpnt  ftani  the  eptMntf  1980  ram  ptovided  Om  Nfining  cq^tal 
inveatmenia  leqidted  to  adikvc  the  incnaaed  product  demanda  aa  weU  aa  aaaoci- 
ated  product  manufactuiinp  vedflcatiaiia.  Theaa  laaulta  an  paeaaalad  in 
TatdaXl.  The  bate  cate  for  Scenario  I  (that  it.  oontinuiiig  pieaent  motor  gatoline 
pada  atructwa)  «oidd  rapine  a  rafiaaiy  cpital  hawatment  of  SIS  biUhm  to 
aahima  the  incraaaad  paoduet  demand  raquinmeida  hy  1980.  The  ahemathc 
capital  raquhaaaema  ahoam  in  TaUt  XI  rapraaent  mmatmenta  whidi  amdd  he 
laqiMirad  to  acMeae  dUCaiaiit  rokune  lerala  and  product  apacificationa  for  un¬ 
leaded  paaolhn  pniductioa.  The  moat  aawra  caae(Le.,aaaldrig  IOO%Gll|at(iliiie 
at  94/86  SOH/liON  and  eaMng  rolatilitiea)  would  n<|uire  S 1 93  bOian  rather 
than  the  SIS  bdlaan  for  the  baaa  cam,  or  a  net  incraaae  of  S43  MWon  of  capital 
Jnractment  Thua,  it  appeaiB  that  die  hnfB  raftiiat  capital  iaveataenta  that  win  be 
required  by  1980  to  expand  aup^  of  total  producta  ace  not  particularly  aenaitiiK 
to  the  peroentase  requirementa  for  lead^rae  paaolinet  aa  hmp  aa  the  octane  levelt 
aieaMderate. 

AHhoudi  the  capital  raquirementi  to  produce  100%  Gll  at  91/83  with  new 
voiatilitiea  arc  tom  than  with  extodof  (16.2  eemia  17.2),  it  muat  be  remembered 
that  the  model  opdndaea  the  oonmocite  of  taw  material,  operatinp  and  capital 
cocta.  Fifure  12  iluatratm  that  the  reaultant  gaaoHne  coat  ia  mote  than  1  CFG 
U^r  for  the  new  volatilities. 

The  1980  bam  caae  for  Scenario  0(U.,  a  aipnificaat  change  in  enfinedeaign 
by  197S  such  diat  eaaantially  no  premium  paaoiine  and  a  tatpe  percentape  of 
lead-Oee,  low  octane  gaaoliae  is  requited  for  1980)  leaulta  ineaaeadally  the  same 
refinery  capital  expeallitute  for  1980  m  the  altematiTe  scenario.  The  reduced 
mmufacturing  coat  for  this  cam  (2S.0  CFG  venan  2S36)  ia  due  to  reduced  raw 
material  mquiteinenta  and  opemtinp  expenaea  rather  than  a  reduction  hr  refining 
capitaL 

TABLE  Xt 

NEW  REFtNmO  INVEBTMENT  REOUtRED 
1f7S-»'t«80  PERIOD 
BBILLION 

BAIE  CASE  (EXtfTING  GASOLINE  EPECSI  •  $160  BILLION 
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Appcmix 

ARTHUR  O.  LITTLE  REPINERV  MMULATION  MODEL 
A.  MODEL  DESCRimON 

Over  Die  past  wvetil  yean,  Arttnr  D.  liMa  haa  developed  large-acale 
computer  models  for  simulatiiic  the  autior  world  refining  oenteis.  In  mch  models 
a  vedfied  pRxhict  demand  pattern  is  met  by  a  specified  oude  slate  m  an 
optimized  refinery  operation.  An  analytis  of  model  outputs  offers  valuable  insight 
farto  crude  and  refined  product  values  with  reject  to  the  stated  cost  of  a 
reference  crude  oQ.  In  effect,  the  modd  eontinuoualy  answers  the  questions: 
“What  wilt  it  cost  to  produce  an  adrfitiottal  barrel  of  Product  X?**  and  “What 
would  an  additional  battel  of  crude  oil  Y  be  worfii  relative  to  the  reference  crude 
ott  and  the  other  crude  oils  in  fire  crude  oO  date?” 

A  siinpUfied  refinery  flow  sheet  drown  in  Figure  I  represents  one  of  the 
models.  This  particular  one  is  of  the  US.  East  Coast,  but  other  models  are  similar. 
Eadi  crude  is  allowed  to  select  its  own  optimum  processing  scheme  by  the  model 
simulating  “falodced^t*’  operation.  For  example,  the  processing  scheme  chosen 
fw  Brega  is  most  likely  quite  diffetent  from  fiuit  selected  for  lU  Juana.  The 
intermediate  streams  from  each  process  unit  can  either  be  further  processed  or 
allocated  to  final  product  blending. 

The  main  bhxdcs  of  the  refinery  processing  scheme  can  be  broken  down  into: 
(a)  niqrhtfaa,  (b)  gas  oil,  and  (c)  residual.  The  fufl-rat^  (CS  -  400°  F)  untreated 
naphtha  can  be  sold  directly.  Otherwise,  the  naphtha  is  split  into  several  fractions 
for  blending  or  further  procesaing.  The  light  (17S-250)  and  heavy  (2S0-400) 
naidithas  can  eadi  be  hydrotreated.  Eadi  hydrotreated  naphtha  can  be  routed  to 
a  catalytic  reformer  with  fire  option  running  at  three  different  octane  severi¬ 
ties.  The  model  chooses  the  optimum  severity  or  it  can  bypass  some  naphtha  into 
finished  product  blending. 

The  gas  oil  processing  scheme  is  less  complex  than  the  naphtha.  The 
tuU-range  400-650°  F  fraction  can  be  split  into  a  kerosene  fraction  and  heavy 
gas-oil  fraction,  and  each  stream  can  be  subsequently  hydrotreated. 

The  residual  fraction  (atmospheric  bottoms)  can  be  directly  blended  to 
residual  fuel  oil  or  desulfurized  before  blending  if  from  a  sour  crude  origin.  It  can 
also  be  fed  to  a  vacuum  distillation  unit;  the  vacuum  overhead  stream  can  then  be 
hydrotreated  for  fuel-oil  blending  or  fed  toa  catalytic  cracker  for  conversion  into 
lighter  products.  The  model  is  allowed  the  option  of  choosing  between  two 
catalytic  cracking  conversion  levels  or  two  grades  of  vacuum  gas  oil  feed.  The 
propylene-butylenes  from  catalytic  cracking  can  be  fed  to  an  alkylation  unit  or  to 
a  polymerization  unit  to  make  gasoline  blending  stocks.  Vacuum  bottoms  can  be 
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routed  to  •  coker  to  reduce  die  producdon  of  fuel  oil  end  to  produce  tome  lighter 
praducte  and  coke.  The  coker  naphtha  can  be  bydrotreated  and  the  heavy 
fractian  reformed.  The  coker  gaa  oil  can  ako  be  hydrotreated  and  Lit  heavy 
fiaction  cracked. 

Additiooal  ptoceama  hi  the  modd  not  dwwn  on  thii  refinery  flow  sheet 
inchide  a  hydrogen  plant  (If  the  vrAime  of  hydrogen  required  for  treating 
exceeds  that  supplied  from  catalytic  refonning,  then  hydrogen  nuist  be  manufac¬ 
tured  eitlier  from  refinery  gas,  naphdu  and/or  residuat  fracdont).  The  refinery  is 
uauaUy  requhed  to  generate  its  own  steam  and  power,  although  these  can  be 
variaMe  options.  A  sulfur  plant  is  provided  which  converts  hydrogen  sulfide  into 
ekmenhd  sulAir. 

AM.  has  accumulated  industry  data  for  each  processing  unit  for  each  crude 
oiL  Thaa  incladea  yieUa  and  key  propartiet  ot  the  ptoducla  fiom  that  particular 
process,  capital  coats,  and  operating  costa  dtvided  into  the  fallowing  seven 
categosies:  refinery  firel  consumption,  steam,  water,  electric  power,  catalysts  and 
cheniicats,  opemting  labor,  and  maintenance.  The  capital  and  opemting  costs  for 
each  refinery  prooen  unit  are  baaed  on  modem  units  of  the  size  consistent  with 
100  MB/D  crude  dislillatioa  ciqiacity. 

The  costs  of  offsites  fbr  crude  handling  and  product  blending  and  storage  is 
inchided  and  varies  with  crude  dktflbtion  capacity.  An  internal  refinery  fuel 
faalanoe  is  maintained  (mduding  fliel  needed  for  steam  gennatioa,  power  genera- 
tkm,  etc.)  with  a  maximum  sulfur  content  qiecification. 

B.  ECONOMIC  BASIS 

The  data  supplied  to  the  model  for  the  computer  tuns  consist  of: 

1 .  ftoduct  demands  and  specifications; 

2.  Crude  sivpiy;  and 

3.  Refinery  proceming  options  for  each  crude. 

Product  demands  iie  usuaBy  fixed  volumes  which  mun  be  met.  However,  we 
occssioiuiBy  aDow  a  paticuisr  product  vohime  to  optimize  at  a  specified  net- 
becfc,  sometimes  liiniting  minimum  or  maximum  levels. 

The  basic  assumption  underlying  our  use  of  fixed  product  demands  is  that 
the  total  market  for  petroleum  products  m  a  refining  center  is  reiatiiely  inelastic 
to  changes  in  product  prices.  This  is  most  true  for  products  such  as  gasoline  and 
jet  fuel  which  have  no  competitive  supply  source.  Heating  oil  and  residual  fuel 
have  had  interfuel  competition  from  natural  gaa  and  coal  in  the  past.  One  result 
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of  Ihk  h  flMl  mUMl  M  IMS  bm  mU  Mow  iU  iwwrtBMat  ooit  vahw.  If  we 
axfact  Ifeii  awMBlinB  to  ooMtiaw,  «•  can  i—aw  Oh  fisad  vehuae  raatriction 
boat  mUiMl  AmI  oA  aad  aOanr  it  to  Mtk  iti  cam  aptoua  productiaii  leial  at  aa 
tatarAiei  oompelltiaB  pike  atnictun. 

la  a  aiiMi  crada  ayatm.  cndaalatiiaiiaualy  vadfiadaaaSsadauppty  for 
a>  cradea  aaoapt  a  nCeiaaoe  crada  which  aunt  be  alowad  to  vaiy  ia  cider  to 
owat  a  fisad  pradact  alate  becauae  it  ie  not  known  ia  advance  the  eiMct  vohine  of 
crade  «d  that  wfll  be  laquired  due  to  gMna/loaaec  from  icfineiy  pioceaKi  and  own 
Aid  conaumptian.  The  rakune  of  the  laftnoce  cnide  conaumtid  wiU  vary  aonie- 
what  Aom  nm  to  ran.  A  deiiveied  pace  ie  awi  jied  to  thie  lefeieace  ciude,  and  all 
other  cnide  and  product  valuea  are  detennined  lelative  to  the  lefeicace  crude  oil 
price  choaea. 


For  each  BAaety  proccaa  in  the  model,  the  capital  coct  U  aipplied  plus 
aevanl  riteporiei  of  operating  coats.  The  capitd  cost  it  converted  to  a  daily  coat 
badi  via  a  capitd  lecovoy  CKtor  wUdi  is  uaually  20%  per  year.  The  capitd 
charge  preaides  for  dapBdatiaa,  incooe  tax,  property  tax  and  aieuiance,  and 
praAt. 

The  Kneir  pragnauaing  code  wffi  opthniae  the  reAneiy  procesdng  scheme  at 
adniwum  cod  to  aieet  the  reqMhed  product  drmiadt  and  product  spedAcatkas 
Aom  the  oude  slate  provided.  It  is  tenimfid  that  complete  interchanpe  of 
intermediate  streams  Aom  all  crudes  is  possible.  Abo,  for  product  spedBcatioiis 
that  are  binding,  the  products  are  dways  blended  exactly  on  qiedAcation  and  no 
quality  b  given  away.  Of  course,  in  the  red  world,  there  are  inefAciendes  in 
processing  and  bknding.  Thus,  tlw  conversion  and  treating  unit  intakes  deter¬ 
mined  by  the  modd,  represent  bare  minimums  and  in  the  actual  leAneiks  some 
excess  capacity  will  be  requited. 

The  most  useAil  outputs  Aom  the  Unear  ptogramming  runs  are  Ate  optimum 
leAned  process  schemes  chosen  for  eadt  crude  oil  and  the  shadow  prices  for  the 
leAned  products  and  crude  oQs.  These  shadow  inkes  indicate  the  intemd  refmety 
vdues  for  each  reflective  product  and  each  crude  oil  and  indicate  the  minimum 
long-term  selling  price  that  a  particular  product  requires  in  order  to  justify  capital 
expenditures  for  its  manufacture  or  the  maximum  longterm  purchase  ptke  for 
each  crude  oil.  The  product  values  (sometmies  called  investment  cost  values)  are 
often  used  by  major  oil  companies  as  transfer  values  vdien  transferring  products 
Aom  leAning  to  marketing  diviskons  and  also  Aom  refmery  to  petrochemical 
divisions. 
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The  leiathe  crade  nhice  etamlele  the  hitemil  ctnde  oB  eiluei  by 

hne,  hitegeted  oil  oonpenles  ediich  have  the  flexibiitty  to  mdoctfe  audes 
among  vaiioiu  leHneiies  to  opthidae  iti  openliaai  in  a  laiBe  leovaidiic  legioa. 

in  parametiic  evahiationt,  we  syitematically  vaty  certain  key  uncertainties  in 
our  inpot  drta  (mch  at  product  deomd  lerelt,  vedflcatiaaa,  opeatins  costs, 
ciude  supply  pattemi.  etc.)  to  teat  the  flexMlity  of  model  outputs  to  these 
chaigts.  A  paramettie  emluation  consists  of  an  alternate  unique  LP  sohitioo  for 
each  etriathm  in  input  d^.  Wb  can  thus  evahute  on  a  quantitatisc  bads  the 
extent  to  addch  a  vnriathm  in  a  partioBhr  input  fosecast  anil  affect  the  ciniclu- 
dont,  in  particular  rdative  product  prices  and  cmde  values. 

It  is  important  to  emphasize  that  the  crude  and  product  values  generated  by 
the  refinery  simulation  model  are  costs  and  not  prices.  Market  constraints  can  and 
do  limit  the  extent  to  which  a  refiner  can  recovm  the  costs  afiocated  to  each 
product  in  the  model.  However,  the  model  does  show  arhen  additional  costs  are 
hienrred  in  making  mo  ^  of  a  particulaT  product.  It  indicates  a  loarer  market  value 
for  hith-aulftir  crude  oils  and  a  higher  market  value  for  lovreulfiir  crude  oils  as  the 
demand  to  low-sulfur  products  increases.  The  crude  oil  values  are  not  prices  but 
replacement  values;  that  is,  the  value  at  rvhich  a  refiner  would  replace  a  barrel  of 
the  reference  oude  adth  file  baird  of  another  crude  ofl.  A  high  reptacement  value 
to  a  given  etude  oB  means  fiiat  file  refiner  can  reduce  refining  costs  by  substitut¬ 
ing  fids  crude  oil  to  a  low  replacement  value  crude  oiL 
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OETAILCO  REFMIWO  DATA 
A  PROCGBSOESCmmON 

The  iiMMlel  i*  intended  to  lepieaent  the  tote!  or  individual  letioiis  of  the  U.S. 
nfininc  hidnainr  on  the  hM  of  a  typical  100  tB/CD  refineiy.  The  lefiaeiy  was 
set  19  to  nw  four  cmdea  -  a  sweet  and  sow  donteetie  crude  and  a  lemt  and  sour 
fosaivi  crude.  The  onides  are  South  Louiiiana  Mix  (36.2  API).  WeM  Texas  Sour 
(33.4  API).  Niiirian  Mis  (29.S  AM),  and  Saudi  Arabian  UMtt  (34.5  API).  Any 
ooMtination  of  these  ccudss  can  be  conAdered  nurginal  or  with  fixed  volumes. 

Investment  and  operatinc  cost  data  for  each  of  the  lefinny  pioceiaesin  the 
model  are  intended  to  represent  the  coats  of  units  whose  sue  is  consistent  with  a 
lOO'MB/CD  refinery.  Both  o^tal  and  hnestment  costs  can  easily  be  rscalatril  to 
lepiassnt  inflation  for  future  ntuatians.  A  prooesa4>y-pirooeat  description  isMven 
below.  hiM»HBtiHt  the  maior  assumptions  used  in  ptoducins  tiieir  lepieaentation. 

B.  ATMOSPHERIC  DISTILLATION 

Each  crude  is  i^Meaented  by  a  separate  vector  in  order  that  the  differences 
in  the  various  stream  quafitiea  may  be  repreaeated  m  downstream  processes. 
Investments  and  matatenance  costs  for  sour  crudes  aie  higher  than  for  tweet 
crudes  to  reflect  rUsadvantages  of  increaaed  sMfur  in  the  feedstock.  In  addition, 
the  percentage  of  sour  crudes  run  can  be  controlled  by  having  a  capacity 
restriction  on  these  crudes. 

C.  VACUUM  DISTILLATION 

Once  again,  each  crude  has  its  own  vacuum  distillation  vector  to  enable 
dowiutteam  processing  to  reflect  the  diffmeivces  in  stream  yields  and  qualities. 

D.  CATALYTIC  REFORMING 

Naphtha  from  each  crude  has  its  own  reforming  vectors.  Each  crude  specific 
luphtha  h  bttAen  down  into  three  feeds  avAlabie  for  reforming  -  light,  medium, 
and  heavy.  The  light  (160-200*  F)  and  medium  (200-340*  F)  feeds  produce 
reforaates  which  wiU  meet  the  end  point  specifications  of  365*  F  maximum  on 
the  special  gaaotine  being  studied  for  General  Motors.  The  heavy  feed,  a  340°  F  to 
375*  F  feed  ptoducea  a  reformate  which  does  not  meet  the  (jenetal  Motors  mogas 

E. P.  spec,  but  is  acceptable  in  conventional  gasolines. 

For  light  snd  medium  feeds,  four  reforming  severities  ate  represented  giving 
90,  95,  100  snd  103  Resesrch  Octane  clear  product.  For  heavy  feed  only  90, 95 
and  100  severity  me  included  since  it  is  unlikely  that  this  feed  wiU  be  reformed 
at  the  highest  mverity  for  lead-free,  low  end  point  gasoline. 
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Fted  ciptdty  nttricttant  (of  tJBS  tmd  iM) me  iMoiponted  on  operations 
•t  too  ud  103  sevciity  to  lefleet  the  fact  that  existing  lefoimen  era  dengned  for 
lescrities  in  the  90  to  95  dear  oetsne  range.  When  nenddeihig  Ailnie  ptooeraing 
nqidiements  theee  lestiictiotts  an,  of  coune,  released. 

Mtandng  of  Iqr^ocaekalas  fkom  low  semity  operation  is  also  lepnsented 
at  90^95, 100  and  lOS  aeneiity.  Rsfonnate  fhm  theae  openliotts  doea  not  meet 
the  30S*  F  end  porat  specification  because  the  ftad  hydrocnckate  has  too  hiih 
an  and  point.  Is  otdar  to  leduos  the  end  point  of  the  hyAocracfcate,  a  special  set 
of  high  seraiiW  hydsocncicing  operations  is  raprasented  in  the  model  snd  these 
are  rtisnissed  later.  The  refonnate  from  the  nforming  of  this  low  end  point 
faydracrackate  fsed  wfll  then  meet  the  365*  F  end  point  raectficatian. 

taraabnent  and  oparatiag  costs  for  dtfftrent  lefonaer  severity  operations  are 
incrassed  with  iaesaasiag  sovarity  to  irilect  the  fact  that  higher  investment  would 
be  ragidiad  for  a  higher  severity  refomer  and  it  would  be  more  oosriy  to  operate. 

E.  CATALYTIC  CRACKING 

OMsIytic  cracking  is  raprasented  by  six  options,  namdy  a  low  and  high 
rararity  operatiow  on  a  sweet  ftad,  a  sour  feed  anda  dranlftiriied  sour  feecLOnly 
vacuum  ps  oil  In  rim  bottag  range  of  6S<f  F  to  l,03<f  Fisconsidetedasafeed 
rinos  Ifeit  is  bitiy  typical  of  U.S.  catalytie  cracking  opaaliont.  Lighter  distillBtss 
can  be  tqnbocncked. 

Low  severity  operation  is  set  at  65  vokune  percent  conveniaa  and  hi|di 
severity  is  set  at  85%.  Tfields  are  based  on  Zeolitic  type  catalysts  and  are  givea  in 
Table  1.  A  higber  capacity  utilization  of  1.05  is  placed  on  the  hi^  severity 
operation  ainoe  most  catalytic  crachets  are  not  lietignrfl  to  handle  the  same 
amount  of  feerii  feed  at  Iriih  severity,  eras  with  a  Zeolitic  type  calalytt. 

Investments  and  operating  costs  are  higher  for  the  high  severity  operation 
and  for  die  sour  feed  cases. 

F.  CATALYTIC  CRACKED  NAPHTHA  SPLITTING 

The  catalytic  cracked  naphthas  produced  hare  end  points  around  43<f  F 
and,  as  such,  are  not  suitable  to  meet  a  365*  F  end  point  gasoihie.  In  today’s 
refining  operariows  catalytic  naphthas  are  normally  split  into  a  light  and  heavy 
naphtha.  The  h^t  nairiitha  woidd,.  of  coene,  meet  the  365*  F  end  ptrint,  but  the 
heavy  would  not.  Therefore,  in  addition  to  this  normal  splitting  operation,  we 
hare  added  an  alternative  which  produces  a  light  catalytic  naphtha,  a  medium 
catslytic  naphtha,  and  a  vety  Iglrt  cycle  oiL  The  madhim  catstytic  naphtha  wEI 
msat  a  365*  F  end  point  and  die  light  -:ycle  oB  produced  can  go  to  disdilate 
Mending. 
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G.  HYOflOCRACKING 

Hydrocnddtg  oiwfilioM  m  lepmeafcd  by  twelve  vecton.  Half  of  theie 
lepfeaent  exMiiig  opetatiaiu  and  what  we  lave  tennad  low  severity  hydrocrack¬ 
ing.  The  other  half  an  the  special  high  severity  operations  which  produce  low  end 
point  hyrhocnckatea  to  make  nfonnate  suitable  for  blending  in  365*  F  end  point 
^aoine.  Mon  hydrogen  is  conetimed  and  feed  capacity  is  reduced  S%  for  this 
openting  mode. 

Six  types  of  feeds  an  allowed  to  the  hydrocackets,  namely  a  sweet  and  sour 
feed  of  each  of  atmospheric  heavy  gss  oil,  vacuum  gas  oil,  and  cradced  gas  oil.  All 
cncked  gas  oila  an  ooaaidend  to  have  the  same  yields  and  these  feeds  include 
catalytic  cycle  oil,  coker  gas  ol,  and  visbreaker  gas  ofl.  Table  2  lists  both  the  low 
and  high  severity  yields  used  in  the  study.  Botfa  investments  and  opoating  costs 
for  aour  operations  and  high  severity  opentions  an  higher  than  for  sweet  low 
severity  operations. 

H.  ISOMERIZATION 

Isomerization  of  light  naphthas  (CS/160)  has  been  included  as  an  additional 
processing  option  which  is  fikely  to  be  required  for  the  production  of  lead-free 
gasoline.  Both  once-through  and  recycle  isomerization  of  each  of  the  four  crude 
specific  liifet  naphthm  an  included  in  fire  model 

I.  OTHER  GASOLINE  PROCESSES 

The  other  gasoline  processes  represented  in  the  model  are  Polymerization 
and  Alkylalion. 

J.  OTHER  CONVERSION  PROCESSES 

Other  conversion  processes  npreeented  an  Coking  and  Visbnaking,  which 
differentiate  betvneri  sweet  and  sour  feedstocks. 

K.  DESULFURIZATION 

Desulfurization  of  mvhthas,  h^t  and  heavy  gas  oils,  and  vacuum  gas  oils 
from  all  crudes  an  included  m  processing  options  in  the  model.  In  addition,  dinct 
desulfurization  of  sour  atmospheric  bottoms  (6S(f  F-t-)  to  sulfur  levels  of  1 .0  wt% 
nd  0.5  wt%  an  induded. 

Cycle  oils  from  sour  catalytic  cncking  operations  also  have  the  option  to  be 
desulfurized.  Naphthas  from  coking  opentions  an  requited  to  be  desulfurized 
befon  routing  to  product  blending  or  nforming. 
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ImwtaMnt  and  Ofantiag  coat*  on  the  aatfiir  manufacturins  proceat  inchide 
proaiaiOB  for  a  eaaMtaad  1I«S  pa  aenihMnt  ayttem  which  it  neoeaaaiy  when 
pnxhidng  eleawntal  auMir  aad  h  not  inchided  «  part  of  each  indhridual  hydio- 
tnalfaitpiooeaa. 


L.  GASOLINE  BLENDING 


The  paoiine  blendiag  data  waa  devek^ed  fi«m  other  published  studies  such 
as  U.S.  Motor  GaroMu  Economies  —  AM.  Jtme  1,  1967  aupplemeiited  by  our 
own  in-houae  aaalyah  and  ia  peeaentnd  in  Table  3. 
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Mr.  Mh^fobd.  Awi  I  also  correct  in  understanding  that  the  only 
reason  why  Greneral  Motors  is  not  pursuing  the  development  of  a  jet 
ignition  dilute  combustion  engine  is  because  of  the  1976  statutory 
stanc^rdst 

Mr.  Stabkican.  Oh,  but  we  are  pursuing  it.  What  we  are  saying  is 
we  camu^  take  the  step  of  going  into  production. 

Mr.  Miupqbd.  I  meant  pursuing  them  into  production. 

Mr.  Starkjcan.  In  addition  to  the  reasons  set  forth  in  my  statement 
we  feel  that  until  the  matter  of  oxides  of  nitrogen  control  levels  has 
been  set  that  we  would  be  ill-advised  to  go  into  production  at  any  level. 
This  is  because  we  would  have  the  same  problenm  as  to  the  kinds  of 
control  systems  to  iroply  to  the  stratified  charge  engine,  if  you  want 
to  call  it  that,  as  we  have  with  the  conventional  Nigine. 

Mr.  MiuvmD.  I  would  like  to  agree  with  you  in  your  statement  that 
the  pn^ram  should  be  directed  more  toward  fundamental  research 
rather  than  hardware  development.  I’ll  buy  that. 

Mr.  Stabkman.  Thank  you. 

Mr.  Brown.  I  think  your  statement  on  page  21  which  seeks  to  define 
the  area  of  useful  Government  R.  &  D.  will  be  helpful  to  the  committee. 

^  I  have  indicated  earlier  in  exploring  this  problem,  some  of  the 
criticism  of  this  l^slation  comes  from  those  who  are  fearful  that 
this  is  an  effort  to  intrude  a  Government  a^ncy  into  a  private  enter¬ 
prise  field,  such  as  the  production  of  automobiles. 

Of  cours^  that  is  not  the  intent  of  the  legislation  and  it  needs  to 
be  drafted  in  such  a  way  as  to  market  clear  what  the  areas  of  responsi¬ 
bility  appropriately  are. 

May  I  just  pursue  for  a  moment  this  testimony  starting  on  page  9, 
which  I  referred  to  earlier,  about  electrified  vehicles.  By  coincidence 
wother  suboonunittee  of  this  committee,  The  Energy  Subcommittee, 
is  studying  alternate  sources  of  electric  power  and  other  kinds  of 
energy. 

In  fact,  ye^rday  they  were  looking  at  developments  in  the  field 
of  photovoltaic  conversion,  the  use  of  solar  cells  for  the  direct  genera¬ 
tion  of  electricity.  I  was  immediately  struck  by  your  description  of 
electric  vehicles  and  your  statement  about  the  need  for  hroad  systems 
studies  with  the  possibility  of  a  system  which  would  use  the  batteries 
of  electric  vehicles  as  a  storage  facility  for  photovoltaic  electric  gen¬ 
eration  which,  of  course,  occurs  during  sunlight  hours  and  does  not 
necessarily  meet  the  demand  load,  but  which  requires  some  storage. 

The  ides  of  having  electric-powered  vehicles  which  can  be  charged 
W  photovoltaic  solar  enwgy  conversion  might  solve  two  problems,  in 
the  power  systems  context.  Has  that  ever  occurred  to  your  company  ? 

Mr.  Starkman.  I  might  rail  upon  Dr.  Agnew  to  indicate  the  extent 
to  which  we  are  involved  in  photovoltaic  cell  development.  I  might 
ask  the  question,  however,  do  you  have  in  mind  on  board  photo¬ 
voltaic  or  a  central  accumulating  station  ? 

Mr.  Brown.  Actually,  what  the  committee  has  been  looking  at 
m^ly — although  not  exclusively — are  systems  which  would  apply 
soIm  energy  to  home  heating  and  cooling,  basically  flat  plate  collectors, 
perhaps  combined  with  a  photovoltaic  component  which  would  gen¬ 
erate  electricity  to  complement  the  heat  generated  by  the  flat  plate 
collectora. 

This  is,  of  course,  highly  theoretical  at  this  point,  although  the 
committee  has  gone  quite  far  in  solar  energy  areas.  But  there  seems  to 
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be  some  breakthroughs  in  the  econtwaics  of  photovoltaic  conversion 
which  might  make  it  more  attractive  as  a  part  of  an  individual  home 
or  apartment  complex  or  manufacturing  building  to  have  solar  gener¬ 
ated  electricity  as  well  as  solar  generated  hot  water. 

As  I  My,  one  of  the  problems  with  ^nerating  electricity  in  this 
fashion  is  that  it  requires  storage.  And  the  use  of  vehicle  batteries  for 
storage  might  be  one  of  the  feasible  ways  to  do  it.  That  is  kind  of  far 
out,  but  if  you  would  like  to  make  a  far  out  comment  we  would  appre¬ 
ciate  it. 

Dr.  Agnew.  I  would  only  say  that  sometime  ago  in  our  research 
effo^  we  did  look  at  photovoltaic  cells  on  board  a  vehicle,  as  to  their 
feasibility.  After  some  work  we  concluded  tbat  the  area  requirements 
and  the  volume  requirements  did  not  make  that  a  very  promising 
approach,  so  we  did  not  go  further  in  that  directicm. 

Now  the  battery-powered  electric  vehicle,  of  course,  can  receive  its 
electric  energy  from  any  electrical  source.  And  the  t3q[)e  of  thing  you 
mentioned  is  certainly  in  order  as  one  possibility.  We  have  also  taken 
a  brief  look  at  the  possibility  of  solar  cells  as  a  product  in  our  home 
environment  division  of  the  corporation. 

We  do  not  think  the  application  of  solar  cells  to  home  heating  and 
water  heating  is  more  appropriate  than  to  vehicles.  We  have  looked  at 
that  briefly  but  have  not  moved  .seriously  in  that  direction  as  yet. 

Mr  Brown.  The  idea  of  having  a  relatively  self  contained  energy 
supply  system  is  becoming  more  attractive  to  a  lot  of  people  in  this 
complex  world.  So  far  no  one  has  ever  considered  the  application  of 
solar  energy  to  transportation.  It  has  been  felt  it  had  no  applicability. 

But  if  it  could  be  used  in  connection  with  electric-powerrf  vehicles, 
then  it  does  have  an  applicability.  It  would  obviate  some  of  the  prob¬ 
lems  created  by  the  central  power  station,  as  you  indicated  in  your 
testimony,  such  as  the  burning  of  coal  and  the  other  losses. 

Gentlemen,  I  wish  to  thank  you  again  for  your  testimony.  I  regret 
that  the  bells  command  us  to  appear  on  the  floor  or  we  would  explore 
some  other  points  of  your  testimony. 

May  I  ask  if  you  would  be  willing  to  supply  answers  to  written  ques¬ 
tions  from  the  committee  at  a  future  time? 

Mr.  Starkuan.  We  would  be  delighted  to. 

[The  information  follows:] 

Oenebal  M(m«8  Coar., 
Warren,  Mioh.,  Augaet  7, 1974. 

Mr.  Fkank  R.  HAMinij.,  Jr., 

Couneel,  Committee  on  Sdenoe  and  Aetronautioe, 

House  of  Representatives,  Washington,  D.C. 

Beab  Mb.  Haumiix;  The  following  is  in  answer  to  your  letter  of  June  17 
posing  several  questions  from  Congressman  Brown  of  California. 

Question  1.  Does  the  Information  on  pages  103  to  109  of  the  February  4,  6 
and  6  hearings  of  the  Subcommittee  match  the  information  in  your  own  flies? 

Answer.  The  data  shown  on  Table  1  on  page  103,  insofar  as  it  represents  6M, 
is  essentially  correct.  However,  two  changes  should  be  made : 

1.  Under  capital  expenditures  (1971)  amount  of  |44.9  million  should  be 
$66.9  miUion, 

2.  Under  total  RAD  expenditures  (180S)  amount  of  $763  million  should 
be  $730  ndlUon. 

Table  n  on  page  103  is  correct  with  respect  to  OM  expenditures.  The  data 
presented  in  Attachments  I  and  II  on  pages  106-107  do  not  originate  with  or 
represent  OM  and  Oierefore,  we  are  unable  to  comment  as  to  its  accuracy.  Data 
shown  on  Attachment  III  on  pages  108  and  100  requires  some  minor  corrections : 

1.  Under  1967,  line  9  should  read  19  instead  of  16, 
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2.  Tinder  1974,  Une  12  eboold  read  135  Instead  of  155, 

3.  Under  1975,  line  6  should  read  846  Instead  of  346,  and  line  8  should 
read  3,531  Instead  of  3,681.  Also,  line  16  should  read  1831  and  line  18  should 
be  58  Instead  cd  66, 

4.  Under  1976,  line  16  should  read  936  Instead  of  966. 

Quettion  t.  Do  you  have  an  estimate  of  the  future  expenditures  of  your  company 
in  the  same  catedorles  that  are  listed  in  our  February  hearing  record? 

Answer.  Data  contained  In  Attachment  III,  pages  106  and  109,  were  developed 
early  in  1978  as  part  of  OM’s  request  for  suspension  of  the  1975  and  1976 
emission  standards.  The  categories  t^own  were  suggested  by  the  guidelines  pub¬ 
lished  by  the  EPA  in  order  to  satisfy  suspension  procedures.  Since  that  time 
we  have  accumulated  actual  data  for  1973  to  reidace  the  projections  which 
had  to  be  used  In  the  suspension  requests.  However,  the  actual  data  were 
developed  for  Internal  purposes  only,  since  we  were  not  asking  for  a  suspension 
of  any  standard  at  the  time  they  were  prepared.  Consequently,  the  data  are  not 
available  in  the  speddc  categories  contained  in  Attachment  III. 

A  brief  summary  of  actual  1978  npenditnres  for  General  Motors  and  current 
projections  for  1974  and  1976  are  shown  in  the  following  table : 

GM  EMISSION  EXPENDITURES 
[Odtar  imausts  la  mlltton] 


1 

t 


Total  oninloa  osptndRgras . 

Moaio:  IogIihIoiI  atom: 

Capital  aapaidiBirai . . . 

AltHsalB  sowarpliat  dsvolopniant... ....... 

Total  ambiiom  at  a  poreont  of  total  R.  4  0. 

TotalEtO . 


EsHniattd 


Actual,  1973 

1974 

1975 

t309.5 

$435.0 

$200 

123.  E 

264.3 

40 

53.0 

>65.0 

P) 

15.0 

<n 

(0 

91,2340 

p) 

P) 

>  Total  otpondllarat  Nir  dontapmont  of  attaraata  poworplants  astimatad  to  bo  ovor  ttS, 000,000 
>Nota«tita^ 

Estimated  1976  R&D  expenditures  are  not  shown  due  to  the  uncertainty  of 
the  forward  emission  control  program  which  prevailed  until  enactment  on 
June  25,  1974  (ft  the  Energy  Supply  and  Envinuunental  Coordination  Act  of  1974. 

Question  S.  What  mileage  goals  does  your  company  have  for  each  category  of 
veUCle  that  you  market,  using  the  EPA  mileage  test  cycle  ? 

Answer.  Our  target  for  all  GM  models  is  to  exceed  15  miles  per  gallon  on  the 
GJf  City  Suburban  driving  cycle  as  soon  as  possible.  We  expect  to  achieve  this  on 
virtually  all  our  1977  models.  The  16  miles  per  gallon  on  the  GM  City  Suburban 
driving  cycle  is  roughly  equivalent  to  12.6  miles  per  gallon  on  the  EPA  mission 
test  cycle.  17%  of  our  1974  production  presently  meets  this  target. 

In  1975  we  expect  a  considerable  improvement  in  fuel  economy  and  with  the 
planned  Ganges  and  the  new,  smaller  cars,  we  believe  we  will  have  the  capacity 
to  produce  more  than  40%  of  our  1975  production  meeting  the  target  fuel  econ¬ 
omy  value.  Most  of  this  Improvement  for  1976  models  will  be  due  to  the  advanced 
emission  control  system  b^t  around  the  catalytic  converter  which  we  will  use 
on  all  U.S.  built  1975  model  cars. 

The  emissions  cleanup  J<d>  is  performed  so  well  by  the  catalytic  converter  that 
we  have  been  able  to  retune  the  1976  engine  to  restore  much  of  the  fuel  economy 
which  has  been  lost  in  recent  years.  Other  improvements  in  fuel  ecoaomy  will 
also  result  due  to  wei^t  reductions  in  existing  models,  lower  axle  ratios  and  the 
use  of  GM’s  steel  belted  radial  tires  as  standard  equipment.  There  will  also  be 
Increased  usage  ot  smaller  displacement  engines,  improvement  in  automatic 
transmission  efficiencies,  and  added  changes  will  be  made  in  our  1976  and  1977 
models  BO  that  by  1977  GM  fully  expects  to  meet  the  target  of  15  miles  per  gallon 
on  virtually  all  its  models  when  tested  on  the  GM  City  Suburban  driving  schedule. 

Question  4-  l^bes  ^onr  company  have  ahy  vehicle  weight  goals?  If  so,  what 
type  of  weight  mix  do  you  Anticipate? 

Answer.  In  all  can,  but  especially  tbe  larger  models,  a  priority  effort  is  b^ng 
made  to  reduce  weight.  A  relatively  small  weight  savings  can  be  quite  important. 
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For  instance,  a  lOO-poond  reduction  in  the  wd^bt  of  the  body  can  result  in  a 
savlnci  oC  anotber  100  pounds  in  the  structure,  suspension,  brakes  and  other 
components.  A  200-pound  reductiao  in  the  total  Thiele  weiKht  can  permit  the 
use  of  a  lower  axle  ratio  or  a  smaller  di8i>lBcement  engine,  further  improving 
fuel  economy  with  no  loss  in  performance.  Because  of  these  rdationships,  the 
primary  way  we  intend  to  meet  the  market  demand  for  improved  fuel  econmny 
with  our  larger  models  is  throu^  the  reduction  of  wei^t.  We  expect  fuel  econ¬ 
omy  savings  of  seven  to  eight  galions  each  10,000  miles  for  each  100  pounds  of 
weight  redmstion. 

As  I  am  sure  the  Committee  is  aware,  about  half  of  the  weight  increase  experi¬ 
enced  by  our  models  over  the  last  six  to  eight  years  is  due  to  equipment  added 
to  meet  federally  mandated  safety,  damageabllity  and  emission  requirements.  We 
have  asked  NHT8A  to  reexamine  some  of  those  safety  and  damageabllity 
requirements  wbldi  have  required  the  largest  weight  increases,  to  be  certain 
that  the  tradeoff  between  weight  and  economy  is  Justified.  Future  safety  require¬ 
ments  either  pending  or  enacted,  will  reqtdre  further  substantial  weight  in¬ 
creases.  QRiese  too,  we  hope  NHTSA  will  review. 

QueatUm  S.  What  restndnts  does  your  cmnpany  face  on  phasing  in  the  stratified 
charge  engine? 

'Answer.  There  are  many  different  engine  configurations  whldi  can  be  termed 
as  “stratified  charge”.  By  the  stratlded  charge  engine  I  assume  yon  mean  what 
we  classify  as  the  “torch”  ignition  engine  presently  exemplified  by  the  Honda 
Corporation  developments. 

'l^le  we  have  been  able  to  obtain  low  levels  of  HG  and  CO  emissions  from 
such  engines,  presently  we  do  not  have  proven  durability.  More  importantly, 
however,  is  our  concern  over  the  aUllty  of  this  engine  to  meet  future  automotive 
oxides  of  nitrogen  standards.  If  we  are  to  meet  those  NO.  standards  originally 
stipulated  In  the  1970  Clean  Air  Amendments  (.4  gpm),  then  it  would  appear 
necessary  that  we  add  essentially  the  same  equipment  to  the  “torch”  ignition 
engine  that  we  must  add  to  the  present  open  chamber  gasoline  piston  engines.  If 
we  must  do  this,  then  there  is  little  incentive  to  abandon  the  present  engine. 
Therefore,  there  are  two  major  restraints  we  face  in  phasing  in  an  alternate 
power  plant : 

1.  The  potential  requirement  of  designing  the  engine  so  that  it  will  meet 
the  statutory  oxides  of  nitrogen  standard. 

2.  The  lack  of  durability  information  supporting  the  use  of  the  engine 
in  the  hands  of  the  consumer. 

GM,  of  course,  continues  to  work  toward  the  development  of  other  emission 
control  technology  and  alternate  engines. 

Question  6.  What  time  frame  for  production  does  your  company  see  for  the 
various  alternative  technologies  that  your  statement  referenced? 

Answer.  As  was  indicated  in  the  statement,  most  of  these  alternate  engine 
concepts  have  not  been  fully  developed  for  adaptation  to  automobile  usage. 
Further,  durability  of  most  of  these  systems  has  not  been  proven.  But  again, 
most  importantly,  is  the  fact  that  in  almost  every  one  of  these  instances  the 
engine  is  unable  to  meet  the  statutory  NO«  standard  in  their  present  forms.  Until 
there  is  satisfactory  assurance  that  the  restrictive  .4  gpm  NO,  level  will  not  be 
required  in  the  future,  we  cannot  set  about  developing  rational  production  plans 
for  any  of  the  alternate  technologies  discussed  in  my  statement. 

Question  7.  Could  you  explain  why  the  domestic  automobile  manufacturers  in 
the  United  States  all  market  basically  the  same  engine  types  while  foreign  manu¬ 
facturers  manufacture  varying  engine  types?  In  other  words,  why  is  there  not  a 
mix  of  propulsion  systems  and  engines  from  the  U.S.  manufacturers? 

Answer.  I  do  not  agree  with  the  assumption  made  in  the  question  that  foreign 
manufacurers  offer  a  much  larger  variation  In  engine  types  than  do  domestic 
manufacturers.  I  believe  that  with  only  three  exceptions,  the  Mercedes  IMesel, 
the  Mazda  rotary  and  the  Honda  “torch”  ignition  engine — the  total  production 
of  which  constitutes  but  a  minimal  fraction  of  total  world  sales — all  vehicle 
manufacturers  use  the  same  spark  ignited  gasoline  piston  engine.  That  being  the 
case,  the  degree  of  variety  is  really  quite  small. 

Actually,  engine  performance  not  type  is  the  factor  that  presents  the  average 
new  car  purchaser  with  distinctions  he  can  appreciate — and  performance  is 
more  closely  related  to  engine  displacement  than  to  engine  type.  Because  there  is 
a  wider  range  of  displacements  of  such  engines  in  U.S.  built  passenger  cars, 
there  Is  a  more  significant  variety  of  engines  here,  I  believe,  than  in  foreign 
manufacture. 
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Filially,  OM  Is  planning  to  oBtr  a  new  type  of  engine  with  introduction  of  the 
rotary  enifne  to  the  ma  Aetidaoe  during  the  1975  model  year.  Also,  we  presently 
market  a  dlee^  automobile  in  Germany  through  our  Opel  Subsidiary  and,  as 
indicated  in  answer  to  Question  6  above,  we  are  actively  Investigating  the  poten¬ 
tial  of  the  stratilled  charge  engine. 

Fw  these  reasons  I  belteve  the  U.S.  industry  has  been  responsive  to  the  U.S. 
marketplace  and  is  oiBering  a  very  wide  range  of  vehicles  and  engines. 

Very  truly  yours, 


B.  S.  Staskman, 


Viee  President. 


Mr.  BipwN.  I  will  adjourn  the  committee  at  this  time  and  we  will 
meet  again  tomorrow  at  10  a.m.  in  this  nxnn  to  hear  the  testimony  of 
r^reemtatives  frmn  the  Eatcm  Coro.,  Scientific  Energies  ^rp.  and 
a  private  consultant,  Mr.  John  W.  Bjerklie. 

The  meeting  is  heiwy  adjourned. 

[Whereuptm,  at  12:25p.m.,  the  subcommittee  was  adjourned  to 
reconvene  at  10  a.m.,  on  Thursday,  June  13, 1974.] 


RESEARCH  ON  GROUND  PROPULSION  SYSTEMS 


THirBsnAT,  jrtm  is.  1974 

House  of  Refkesentatives, 

Committee  ox  Science  and  Astbonaotics, 

StTBOOMMlTTEE  ON  SPACE  SciENCE  AND  APPLICATIONS, 

Wtuhi/ngtcn,  D.C. 

The  suibcommittee  me^  pursuant  to  adioununent,  in  room  2325, 
Rayburn  House  Office  BuilcUng,  Hon.  George  E.  Brown,  Jr.,  presiding. 

Mr.  Bbown.  The  subcommittra  will  be  in  order.  Chairman  Syming¬ 
ton  wRl  be  delajred  this  morning,  so  we  shall  begin. 

This  is  our  third  day  of  hearings  in  the  current  series  on  H.R.  10392, 
a  bill  to  authorize  NASA  to  conduct  research  on  ground  propulsion 
systems.  Yesterday,  we  heard  the  testimony  of  top  officials  of  the  three 
major  automobile  manufacturers  in  this  country.  AU  three  witnesses 
seemed  to  agree  that  the  Government  has  a  role  to  play  in  pitHnoting 
research  on  automobile  engines,  although  it  is  not  conceived  as  a 
m^r  role  by  any  of  them. 

Chrysler  would  welcome  NASA’s  interest  in  the  automc^ile  research 
with  enthusiasm  and  hope,  and  would  like  to  see  NASA  bectane  in¬ 
volved  in  long-range  basic  research  of  the  type  the  industry  cannot 
afford  to  do.  Ford  sees  a  role  for  NASA  in  impport  of  those  Govern¬ 
ment  agencies  which  already  are  charged  with  this  mission.  General 
Motors  believes  the  automobile  industry  is  quipped  to  respond  to 
market  trends  without  Government  intervention  but  if  there  is  to  be 
Government  research,  it  should  concentrate  more  in  fundam^tal 
areas  and  should  supplement  rather  than  duplicate  the  efforts  of 
industry. 

Today,  our  first  witness  will  be  Mr.  Robert  Richardson,  mana^r 
of  technological  planning  for  the  Eaton  Corp.  of  Southfield,  Midi., 
a  major  supplier  of  automotive  parts  and  components. 

Mr.  Ricnardson  recently  published  a  report  on  future  automotive 
powerplants. 

Mr.  Richardson,  we  are  pleased  to  have  you  with  us  here  this  morn¬ 
ing.  I’m  sure  your  statement  will  be  a  valuable  addition  to  the  reconl 
we  are  compiling  on  this  important  subject. 

You  may  proceed. 

[A  biographical  sketch  of  Mr.  Richardson  follows :] 

Mb.  Bobbst  W.  BicBABoaoN 

Robert  W.  Blcbardaon  is  Manaxer,  Tedmological  Planning  tor  Slaton  Cor¬ 
poration.  Bis  office  la  located  in  Sonibfleld,  MicMgan.  He  was  appointed  to  his 
present  position  in  1969. 

dnie  Te<ffin<dogical  Planning  Department  is  responsible  tor  organising,  super¬ 
vising  and  conducting  in-depth  studies  to  identic  long  range  new  products  and 
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new  bnsineBS  opportnnltiea  fw  Staton  Corporation.  Mr.  Richardson  recently  led 
a  team  in  a  major  atndy  of  fntnre  antomotlTe  powerplants. 

His  recent  r^rt  has  bad  wide  distribution  and  be  bas  made  many  oral 
presentations  before  varioos  prafessional,  business,  technical  and  educational 
groups  in  the  past  year  on  the  subject  of  future  engines.  He  bas  previously  con¬ 
duct^  pisiming  studies  on  various  engines  Indnding  turbine,  steam  and  electric 
v.ditd{)a.  '  - 

His  study  of  automotive  eafety  in  1964  led  directly  to  Eaton's  development 
of  air  bag  passive  restraint  and  truck  skld-ccmtrol  systems. 

Prior  to  joining  Eaton  in  1964  as  a  Research  and  Develc^ment  coordinator, 
Mr.  Richardson  was  Chief  Mechanical  Bnginees  for  Simmons  Precision  Products, 
Inc. — a  major  manufacturer  of  gasoline  fuel  injection  systems.  His  previous 
experience  includes  over  ten  years  in  design  development,  application  and  sales 
engineering  on  automotive  gasoline  Injection  systems  with  Simmons  and 
General  Motors  Corpbratitm. 

Mr.  Ridiardeon  Mds  four  patents  in  the  fields  of  air  bag  passive  occupant 
restraint  systenis.and  fuel  Injection  equlinnent 

Mr.  Uchardson  has  been  active  In  the  Society  of  Automotive  Engineers  as  a 
participant  and  oQianlser  of  technical  meetings  on  engines,  pollution,  energy 
and  traavortktion.  He  cnrrmtiy  serves  as  Vice  Chairman  of  SAB’s  Advanced 
Poweti^ka^  Conmaittee. 

Mr.  K(fiiard8oh  was  bom  in  Newton,  Massachusetts  in  1980.  He  received 
a  B.S.  d^ree  in  Mechanical  Engineering  from  Massachusets  Institute  of  Tech¬ 
nology  in  19^ 

He  with  his  wlfe^  Jamae,  and  three  children  in  Orchard  Lake. 

Michigan. 

STATEXSST  OF  BOBXET  W.  SICHASDSOH,  KAHAOEB,  TECHNO- 
LOOIGAL  FLAmmO,  EATOH  COSP.,  SOFTHFIELB,  HIGH. 

Mr.  B1CRABD6ON.  Thank  Mr.  Chaiman. 

It  is  indeed  a  pleasure  to  be  here  and  have  this  opportimity  to  ap¬ 
pear  before  your  subccMnmittee  to  discuss  automotive  engine  K.  &  D. 
and  the  Government’s  role. 

The  proposed  legislation,  H.B.  10392,  properly  recognizes  the  need 
to  meet  four  basic  parameters  simultaneously,  eneigy  ctmservation, 
emissioi^  producibuity  and  cost.  This  represents  a  significant  step 
in  the  ligm  direction  from  earlier  legislation  which  was  aimed  at  a 
single  parameter.  Satisfaction  of  consumer  needs  require  an  often 
dehcate  balance  between  not  only  the  four  parameters  mentioned  but 
many  others  as  well. 

As  you  menticmed  earlier,  we  have  recently  published  a  report  on  our 
in-de^h  planning  ^udy  of  future  automotive  engines.  A  copy  of  our 
published  report  IS  included.for  the  record. 

Mr.  Bbown.  Without  objection,  it  will  be  included  as  part  of  the 
record. 


AuTOKonvB  Bnonm  lua  thc  1960’b — Batok’s  Wobxdwidb  Akaltbis  of 
Fctow  AoToiconvK  Powb  Piaittb 

(By  R.  W.  Richardson,  Manager,  Technological  Planning,  Baton  Corporation, 
Southfield,  Michigan  48076) 

ABBRACT 

There  are  five  major  contenders  to  replace  or  supplement  today’s  piston  en¬ 
gine.  Changing  social  requlrdinents  and  new  technological  developments  Eaton 
feels  will  lead  to  major  dianges  in  automotive  power  ifiahts.  This  study  makes 
p^jections  thrd^  the  196^  of  the  market  penetration  of  Wankel,  Stirling, 
turbine,  strattfled  ifliaifge  and  diesel  engines  for  passenger  car,  heavy  duty  and 
small  engine  applications.  These  engines  are  compared  on  the  basis  of  ten  major 
selection  paranieters.  Major  factors  affecting  the  rate  of  commercialization  of 
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new  cogliiea  a>*  reviewed  iiudnding  eoetal,  jx^tlcal  end  ecanomlc  forces  of 
change  and  hlatortcal  perapeetlve.  Major  Inputs  cane  frtnn  more  than  60  worid- 
wide  In-depth  interviews. 

I.  nmOBConoir  ‘ 

Never  in  the  history  of  the  antmnotlve  engine  have  there  been  so  many  serious 
contenders  and  never  with  so  great  a  chance  at  replacing  or  sup^ementing  the 
piston  engine.  While  the  piston  engine  has  for  many  decades  served  its 
hundreds  of  mllUons  of  users  well  and  is  continuing  to  serve  them  well,  its  noise, 
exhaust  emi8sl«ms  and  more  recently  its  fuel  appetite  have  come  under  attack. 

The  purposes  of  the  basic  study  up<m  which  this  report  is  based  were  to  assess 
these  various  new  engine  types,  determine  their  market  applicability  and  likely 
commercialisation  thrmiidk  the  lOWs  and  provide  broad  overall  perfective  on 
the  future  of  automotive  engines. 

Major  inputs  for  the  study  were  obtained  from  over  60  in-depth  interviews 
worldwide.  These  included  car  and  truck  manufacturers ;  heavy  duty  and  small 
engine  producers ;  developers  of  new  engines ;  materials,  parts,  fnels  and  lubri¬ 
cants  suppliers ;  machine  tool  builders ;  government  agencies ;  trade  associations ; 
Independmit  research  institutes  and  consultants.  These  inputs  were  combined  with 
business,  tedinlcal  and  historical  analyses  and  an  evaluation  of  the  social, 
political  and  economic  forces  that  cause  change. 

While  the  study  was  conducted  for  internal  purposes,  the  conclusions  and 
projections  reached  have  far-reaching  implications  of  wlf  interest.  Therefore, 
it  was  decided  to  pnblldse  those  portions  of  the  study  that  cover  the  significant 
non-pn^rietary  findings  and  lurojections.  In  the  study,  primary  emphasis  was 
placed  on  the  Wankel  engine  and  on  those  factors  whif  will  have  the  greatest 
bearing  on  its  (degree  and  rate  of)  Mmunerciallzatlon.  Priority  was  placed  on 
passenger  car  application  followed  dosely  by  heavy  dnty  markets  with  a  rela¬ 
tively  modest  fCvt  la  the  small  engine  area.  l%is  r^rt,  therefore,  was  com¬ 
piled  with  a  simNar  emphasis. 

n.  KiroiirEs  ann  arpniCATioNB 

ante  engines  that  are  now  used  and  those  which  warrant  and/or  are  receiving 
serious  attention  for  three  broad  areas  of  appUcaUon — small  engines,  passenger 
cars  and  heavy  duty — are  listed  in  Table  I.  The  passenger  car  area  has  the  most 


Candktate  Alternate  Powerpiants  by  Market 


Small  Engine 

Passenger  Car 

Heavy  Duty 

NOW 

2-Cycle  - 
4-Cycle 

4-Cycle 

Diesel 

♦ 

# 

# 

FUTURE 

Rotary 

Rotary 

Turbine 

Turbine 

Turbine 

Stifling 

Stratified  Charge 
Diesel 

Stirling 

Tabu  1 


*Thii  report  is  based  on  a  recently  eondneted  major  tedintriosleBl  planning  stndy.  In 
addition  to  the  antbor.  the  reaearcb  team  tnclnded  L.  F.  lenklDS  m  Baton’s  Valve  Division, 
and  B.  P.  Horan  and  B.  L.  Martin  of  Eaton's  Technological  Planning  Department.  Tbe  four 
team  awmiers  wete  SB  antoisetive  englaecre  having  a  combined  ssperlenec  In  execaa  of 
80  roars  dtreetly  on  asdomtlve  prod«ett--i>rtmarUr  etiglaes  and  engine  annponenta.  Tbe 
mwrtty  of  thia  experlMMe  baa  bem  with  new  prodoet  devsIopaMnt  and  oonunerdaUaatlon. 
The  team  rnemben  alw  bad  nearly  30  years  comtdaed  experience  In  inWng  in-dCpth  tech- 
nologleal  planning  studies. 

Scale  side  view  drawings  showing  engine  and  drive  trains  of  various  foreign  and  domestic 
antomobUss  have  been  reprodneed  from  Boad  A  'Track  magaslne  by  permission  of  Bond/ 
Parkbnrst  Pnbllcatlons,  a  unit  of  CB8  Pabllcatlons. 
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eontMiden.  Iftectrlc  uhI  ateua  Tehidefl  have  not  been  indnded  as  serious  <x>n- 
tenden  for  blgb  roiuine  applications  as  a  result  of  ESston’U  previous  in-deptb 
Investiipatlona. 

like  the  piston  engine,  these  new  engines  come  In  a  wide  variety  of  broad 
configurations  and  subtypes.  The  type  or  configuration  of  eaiA  engine  believed 
best  suited  fbr  each  api^catian  has  been  used  In  the  comparative  evaluation  for 
that  applieatltm. 

meae  dUfermt  powerptenta  are  all  in  various  stages  of  development  {Figure 
1 )  whl<fii  has  a  bearing  <m  the  ability  to  aasuu  accurately  the  various  parameters 


Relative  State  of  Engine  Development 


FiottbeI 

important  to  engine  selection :  factors  such  os  fuel  consumption  can  be  accurately 
determined  but  production  cost  or  durability  are  little  more  than  guesses  at  an 
early  stage  of  development.  Kngines  at  an  early  state  of  development  are  also 
much  more  susc^>tlble  to  rapid  improvement  than  mature  engines. 

m.  OBBOSIPTIOUB  *  STATUS  OF  ENSIIIX  TTFES 


Rotary  {Wamkei) 

The  Wankel  engine  is  a  four-cycle  spark  ignition  internal  combustion  engine 
differing  from  present  engines  primarily  in  mechanical  design.  It  uses  a  "rotating” 
(epitrodioidal)  motion  rather  than  a  reciprocating  motion.  It  uses  ports  rather 
th^  valves  for  controlling  the  intake  of  the  fuel-air  mixture  and  the  exhaust  of 
the  combusted  <diarge.  In  this  respect  it  is  similar  to  a  two-cycle  engine. 

The  Wankel  has  been  under  development  since  its  invention  in  the  early 
IfiSO’s.  NSU  (WesbOermany)  introduced  a  single  rotor  powered  car  in  1964  and 
a  two  rotor  powered  car  in  1060.  !Neither  en^e  has  been  built  in  significant 
volume.  Toyo-Kogyo  (Japan)  introduced  a  two  rotor  engine  in  their  Mazda  cars 
in  the  late  1960*s  and  are  now  producing  about  20,000  models  per  month.  50,000 
of  these  were  sold  in  the  U.8.  last  year. 

Bnowmobilee  with  a  Flchtel  and  Sachs  single  rotor  Wankel  have  been  sold  for 
the  past  four  seasons.  Similar  engines  are  being  used  in  power  lawn  mowers. 
Outboard  Marine  Oorp.  last  year  Introduced  their  Wankel  snowmobile  and  has 
outboard  versions  under  development.  A  niunber  of  major  firms  throughout  the 
world  own  a  Wankel  license  and  several — ^most  notably  Oeneral  Motors — are 
aggressively  pursuing  its  development.  OM  plans  to  introduce  It  as  an  cation  in 
the  Vega  in  the  summer  of  1974. 

TwMid 

The  gas  lurMne  engine  Is  a  ccmtinaone  flow,  continuous  internal  combustion, 
Mtlh  speed  engtne  utQtslng  aerodynamic  compreeslon  and  expansion  rather  than 
positive  displacemmit.  The  turbine  uses  no  valves  or  ports.  The  engine  requires  a 
number  of  parts  made  from  high  temperature  alloys. 
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The  gas  turbine  has  been  under  development  since  the  1930’8.  It  has  found 
ready  acceptance  In  aircraft  and  Is  now  nearty  universally  used  except  below 
500  HP.  The  auto  Industry  has  been  working  on  turbine  power  for  nearly  25 
years.  Exotic  show  cars  have  been  produced  from  time  to  time.  About  10  years 
ago,  Chrysler  produced  75  special  turbine  powered  cars  for  Held  teetiitg.  Most 
of  the  industry’s  effort  has  since  then  been  directed  at  track  and  industrial  ap¬ 
plications.  Both  OM  and  Ford  have  produced  pilot  quantities  of  an  industrial 
engine  of  about  300  EV.  Ford  has  recently  closed  down  their  pilot  operation  to 
await  a  major  product  redesign  abased  at  the  late  1970’s.  The  big  three  all  are 
rq;K>rted  to  have  substantial  passenger  car  turbine  devel<9ment  programs.  The 
BSnvlronmental  Protection  'Agency  is  funding  part  of  Cbrysler’s  program  and  also 
passenger  car  turbine  devel<q)ment  by  several  aircraft  engine  producers. 

SHrUmg 

The  Stirling  engine  is  an  external  c<Hitinaous  combustion  engine  utilizing 
positive  dl^lacement  piston  compression  and  expansion.  It  utHizes  a  sealed 
high-pressure  working  fluid  (hydrogen  or  helium)  and  operates  at  relatively  low 
speed.  High  temperature  alloys  are  required  for  the  combustor-to-working-fluid 
heat  exchanger  (heater  head). 

The  iStirling  was  Invented  in  1816  and  saw  service  as  a  pumping  engine  in  mines 
during  the  19th  century.  These  engines  used  air  at  low  pressure  as  the  working 
fluid.  The  modem  Stirling  engine  dates  from  the  late  1980’b  based  on  work  by 
N.  V.  Philips  in  the  Netherlands.  In  recent  years,  con^derable  progress  has  been 
made  in  reflning  the  'Stirling  engine. 

’Philips  has  licensed  other  developers.  Oaring  the  1960’s  GM  was  Philip’s  major 
licensee,  accnmnlatlng  more  than  25,000  hours  of  engine  operating  experience  in 
their  developinmit  program.  GM  allowed  their  license  to  lapse  in  1970,  however. 
More  recently  (1972)  Ford  Motor  Co.  was  licensed  by  Philips.  They  are  jointly 
wortlng  on  passenger  car  prototypes.  Philips  has  also  licensed  United  Stirling 
in  Sweden  and  MAN  in  Germany.  United  Stirling  has  been  a  major  contributor 
to  recent  progress  and  is  also  working  <m  passenger  car  applications.  Both  Philips 
and  United  Stirling  have  made  recent  prototype  bus  inwtoiiaHntm 

StratiJUi  Charge 

The  stratifled  charge  or  hybrid  engine  is  a  variant  of  conventional  engines 
combining  features  of  both  gasoline  and  diesel  engines.  It  differs  from  conven¬ 
tional  gasoline  engines  in  that  the  fuel-alr-mixture  is  deliberately  stratified  so  as 
to  produce  a  rich  mixture  at  the  spark  plug  while  maintaining  an  efficient  and 
cleaner  burning  overall  lean  mixture  and  minimizing  or  avoiding  the  need  for 
throttling  the  Intake  air. 

Stratifled  charge  development  dates  buck  at  least  to  the  work  done  by  Ricardo 
in  Ekigland  during  World  War  I.  'Since  that  time,  many  inventors  and  developers 
have  worked  with  various  concepts.  Substantial  work  has  been  done  in  Russia  and 
the  U.S.  over  the  past  15  years.  More  recently,  the  Japanese,  especially  Honda, 
have  made  major  contributions  to  the  state  of  the  art.  'The  Honda  CJFCC  engine 
meets  the  original  1975  emission  standards  without  hang-on  controls.  Ford  and 
Texaco  have  done  substantial  work  on  concepts  quite  different  from  Honda’s. 
Diesel 

Diesel  engines  are  quite  similar  to  gasoline  engines  but  use  fuel  injection 
directly  into  the  cylinder  rather  than  a  carburetor.  They  have  no  ignition  sys¬ 
tem  as  such,  relying  on  very  high  compression  to  cause  the  mixture  to  self 
ignite. 

Diesel  engines  have  been  widely  used  in  heavy  duty  applications  for  decades. 
They  are  also  used  to  limited  extent  on  passenger  cars  mainly  in  Europe.  Mer- 
cedeshas  long  produced  a  low  performance  diesel  car.  More  recently,  Peugeot 
.  building  diesel  cars.  Many  are  used  for  taxis.  Austin  (BLMC) 

also  builds  diesel  taxis.  The  engine  has  not  'been  seriously  considered  for  passenger 
oars  in  toe  U.S.  until  recently.  The  Environmental  Protection  Agency  is  expected 
to  award  a  study  contract  in  near  future  for  a  passenger  car  diesel  engine. 

IV.  BnoniE  sEUMTioir  paaaiaeTESs 

Table  U  lists  the  more  significant  engine  selection  parameters.  They  are  all 
Mlf-explanatory  except  for  flexibility  which  means  performance  flexibility  or 
torque-speed  characteristics  as  they  relate  to  transmission  requirements  and 


Table  II 


drlTeabillty.  The  parameters  listed  on  the  left  are  traditional  ones.  On  the  right, 
two  new  parameters  are  listed  which  are  primarily  social  requirements.  Fuel 
consumptioB  has  also  been  labeled  a  social  requirement  because  of  the  energy 
crisis — it  has  long  been  an  economic  or  logistic  requirement. 

Some  idea  of  the  changing  relative  Importance  of  the  social  requirements  can 
be  gained  from  Table  lit.  They  have  been  rated  on  a  0-10  scale  to  provide  helpful 
perspective.  Only  a  slight  lessening  in  absolute  imx>ortance  of  emissions  (assum' 
ing  no  major  air  pollution  disasters)  is  expected— some  increase  in  the  impor- 
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tance  of  noise  and  a  tremendous  Increase  in  the  importance  of  fuel  consump¬ 
tion — becoming  half  again  as  Important  as  emissions  before  the  end  of  this 
decade.  A  two  to  three  fold  Increase  in  gasoline  prices  and  national  rationing 
within  the  next  few  years  seem  likely. 

Today,  of  course,  as  the  chart  shows,  emissions  are  more  important.  There  is 
wide  speculation  ,q^  Congress  revUing  the  very  stringent  1975-76  standards  to 
achieve  a  better  .balance  between  sodety’s  needs  for  acceptable  cost  and  fuel 
consunudion  as  well  as  emisisons. 

Tbe  signlflcanoe  of  the  emission  levels  which  are  ultimately  selected  is  their 
great  bearing  on  both  absolute  and  relative  cost  and  fuel  consumption  of  dif¬ 
ferent  engines.  As  emissions  are  reduced,  both  cost  and  fuel  consumption  tend  to 
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increase  for  all  «igine  types.  'Riey  are  likely  to  Increase,  at  markedly  different 
rates,  however,  for  different  engines.  For  example,  a  low-cost  conventional  idston 
engine  may  require  a  very-expensive  precious-metal  dnal-catalyst  to  meet  a  tight 
standard  while  a  somewhat  more  complex  and  costly  stratified  charge  engine, 
such  as  the  Honda,  may  require  no  extra  emission  controls. 

V.  SELECTION  PARAMETEBS  a  COMPARISON  OP  ENGINE  TYPES 

Three  areas  of  application  have  been  considered :  passenger  cars,  heavy  duty 
and  small  engines.  Obviously,  the  priority  of  selection  parameters  differs  some¬ 
what  in  each  of  these  three  areas. 

A.  PaBtenger  Oort 

Taking  passenger  car  applications  first,  the  selection  parameters  fall  into  the 
order  of  relative  importance  shown  in  Table  IV  with  fiexlbiUty,  smoothness  and 
emissions  leading  the  list,  and  maintenance,  fuel  consumption  and  durability 
on  the  bottom.  This  ranking  is  for  1&78  values.  The  arrows  on  the  left  show  both 
mdse  and  fuel  consumption  rising  to  expected  1880  positions.  This  order  of  im¬ 
portance  of  parameters  is  for  the  broad  passenger  car  market.  Obviously,  there 
may  be  segments  of  this  market  which  would  have  somewhat  different  orders  of 
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importance.  The  five  new  engine  types  competing  for  future  automotive  use  are 
compared  with  the  4H;ycle,  spark  ignition  piston  engine  on  each  of  these  param¬ 
eters.  Bach  engine  was  rated  better  (-}-),  worse  (  — ),  or  equal  (0)  to  the  present 
gasoline  engine. 

Wankel 

(1)  Flexibility. — Wankel  engines  tend  to  have  lower  torque  at  low  speeds  and 
a  higher  speed  for  their  torque  peak  than  reciprocating  engines.  This  means  that 
the  rotary  engine  has  reduced  perfownance  flexibility  requiring  more  shifting  or 
more  sotfiiisticated  transmissions  for  equivalent  performance. 

(2)  Bmoothnets. — A  single  rotor  Wankel  can  be  equal  to  or  better  than  many 
4-cylinder  engines,  while  a  two  rotor  Wankel  is  smoother  than  4-  or  6-cyllnder 
engines.  Most  interest  has  been  generated  for  two  rotor  Wankel  engines  with 
only  little  interest  in  three  or  four  rotor  engines  and  very  little  interest  in  single 
rotor  engines. 

(3)  BnUsHons. — ^Untreated,  the  Wankel  is  a  rather  dirty  engine  with  emis¬ 
sions  of  hydrocarbons  as  much  as  five  times  higher,  carbon  monoxide  up  to  three 
times  higher  while  oxides  of  nitrogen  are  up  to  75%  less.  Derating  a  conven¬ 
tional  engine  to  the  same  level  of  efficiency  would  be  expected  to  result  in  similar 
emission  levels.  Conversely  as  the  Wankel  seals  are  improved,  oxides  of  nitro- 
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gen  will  tend  to  Increase  and  hydrocarbons  decrease.  The  Wankel  has  fewer  ex¬ 
haust  ports  and,  because  it  is  less  efficient,  operates  with  a  higher  exhaust 
temperatnre  which  makes  thermal  reactors  more  aMdlcaUe. 

(4)  Celt. — ^Although  the  Wankel  usee  fewer  parts  and  is  lighter,  even  when 
built  in  high  volume.  It  costs  more  than  a  piston  raglne.  It  will  likely  be  more 
expensive  for  some  time  to  come ;  however,  with  substantial  product  and  manu¬ 
facturing  development  effort,  it  could  ultimately  become  cheaper  to  produce. 
(The  cost  is  disciused  in  more  depth  in  Section  VIII. ) 

(6)  Ifoite. — The  elimination  of  mechanical  moving  parts,  such  as  the  valve 
gear,  should  reduce  noise  bnt  data  on  the  limited  car  (and  snowmobile)  models 
available  show  aigiroximately  equal  noise  levels. 

(6)  Weight. — Wankel  engines  weigh  less,  especially  when  only  the  basic  engine 
structure  is  compared.  When  completely  eqniKted  with  all  accessories  needed  for 
operation,  there  is  a  smaller  relative  advantage  as  these  accessories  are  essen¬ 
tially  equal  or  occasionally  heavier. 

Wankel  weight  savings  of  50%  are  often  claimed.  Bealistlc  comparison  shows 
must  less.  Comparison  of  the  lightest  experimental  Wankel  known  with  the 
lightest  production  piston  engines  indicates  12-16%  weight  savings  on  a  pounds 
per  horsepower  baslk  (These  engines  are  not  of  equal  horsqwwer).  Karl  Ludvlg- 
sen,  in  a  recent  article  in  Road  Test  magazine,  indicates  an  average  weight 
savings  of  11%  comparing  several  pairs  of  engines  of  equal  performance.  Sig¬ 
nificant  reductions  in  average  weight  and  size  of  piston  engines  are  possible 
should  this  become  a  high  design  priority.  (Weight  is  further  discussed  in  Section 
VI.) 

(7)  Size. — Wankel  engines  also  have  a  size  advantage  usually  somewhat 
greater  than  their  wei^t  advantage.  Most  of  the  comments  on  weight  (above) 
also  apply  here.  Comparing  the  llghest  and  most  compact  engines  shows  size 
advantages  in  the  range  of  34-45%  based  on  a  “box”  volume  (max.  length  X 
max.  height  X  max.  width).  Karl  Ludvigsen’s  analysis  indicated  a  30%  average 
advantage.  (The  significance  of  weight  and  size  savings  as  it  relates  to  packaging 
in  an  automobile  is  discussed  in  Section  VII.) 

(8)  UaitUetuuiee. — The  maintenance  requirements  of  the  Wankel  are  expected 
to  be  reasonably  comparable  to  the  piston  engine.  The  Wankel  has  fewer  but 
more  complicated  and  expensive  parts.  It  uses  similar  types  of  fuel,  air  cleaning, 
ignition,  cooling  and  exhaust  systems.  Wankels  currently  use  a  more  complex 
emission  control  system  requiring  more  maintenance. 

The  Wankel  can  provide  some  savings  through  longrer  oil  change  periods.  A 
recent  survey  indicates  tune-up  costs  at  dealers  are  approximately  equal  for 
Mazda  and  V8  engines.  Fours  and  sixes  cost  less  to  tune  up  of  course. 

(9)  Fuel  Consumption. — Fuel  consumption  includes  both  quantity  and  quality 
of  fuel.  Wankel  engines  have  substantially  higher  fuel  consumption:  30-40% 
higher  (or  5S-30%  fewer  miles  per  gallon)  than  piston  engines.  At  very  low 
emission  levels,  this  difference  will  probably  'be  reduced  but  not  eliminated. 
Improved  seals  will  also  help  reduce,  but  not  eliminate,  this  fuel  consumption 
penalty  as  the  combustion  chamber  appears  Inherently  less  favorable.  In  contrast 
to  its  higher  use  of  fuel,  the  Wankel  has  a  requirement  for  lower  octane  quality 
(low  to  mld-80’8  for  Mazdas).  The  octane  requirement  will  probably  increase  as 
seals  are  improved  and  as  the  engine  is  scaled  up  to  larger  displacement  per  rotor. 

(10)  DurabiUty. — ^The  durability  of  Wankel  engines  was  initially  very  poor. 
The  Mazdas  have  substantially  better  durability  but  are  not  yet  up  to  typical 
U.S.  standards.  Compatible  trochoid  surface  materials  and  treatment,  together 
with  seal  materials  having  very  long  life,  have  been  developed  but  aw>arently 
not  with  acceptable  cost  and  sealing  characteristics. 

Based  on  this  somewhat  superficial  comparison,  weighted  for  importance  of 
parameters,  the  Wankel  appears  to  have  little,  if  any,  net  advantage.  As  the 
fuel  consumption  issue  takes  on  more  importance,  the  Wankel’s  competitive 
position  will  be  more  tenuous.  If  manufacturing  cost  breakthroughs  are  achieved, 
it  may  still  find  a  substantial  niche. 

Turbine 

(1)  Flexibility. — ^Two-shaft  turbines  have  a  very  favorable  torque  curve  hav¬ 
ing  in  effect  a  built-in  torque  con  •  erter.  Single  shaft-engines  which  have  recently 
come  under  serious  consideration  have  an  unfavorable  torque  curve. 

(2)  SmoothneM. — As  a  continuous  fluid  flow  rotary  machine,  the  turbine  is 
extremely  smooth. 
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(8)  EnUsaiont. — Turbine  combustors  can  be  built  Trhich  hare  very  low  emis- 
Bluns,  especially  of  hydrocarbons  and  carbon  monoxide.  There  is  some  question 
as  to  whether  they  can  meet  the  pending  1076  NO.  standard  of  0.4  grams/mile. 

(4)  Coat — Turbine  engines  require  the  use  of  substantial  amounts  of  expensive, 
difficult  to  fabricate  superalloys  and  an  expensive  regenerator.  Potentially  pos¬ 
sible,  but  requiring  a  great  development  effort,  is  a  simpler  turbine  operating  at 
higher  pressure  ratios  and  temperatures  using  lower  cost  ceramic  materials.  Such 
an  engine  could  ultimately  be  cheaper  than  the  piston  engine,  Single-shift  engines 
cost  significantly  less  than  two-shaft,  but  require  more  sophisticated  and  costly 
transmissions. 

(6)  Eoiae. — Despite  the  image  of  turbine  powered  aircraft,  the  turbine  engine 
la  relatively  easy  to  silence. 

(6)  Weight. — Turbine  engines  are  substantially  lighter  than  piston  engines. 

(7)  Siae. — ^The  basic  turbine  is  also  substantially  smaller  than  the  piston  en¬ 
gine  but  the  addition  of  a  regenerator  results  in  no  net  size  advantage. 

(8)  Maintenanoe. — The  turbine  is  basically  a  simple  machine  and,  with  free¬ 
dom  from  vibration,  should  have  lower  maintenance. 

(9)  Fvel  consumption. — The  turbine  has  higher  fuel  consumption,  especially  at 
light  loads  typical  of  much  automobile  operation.  At  very  tight  emission  stand¬ 
ards,  the  fuel  consumption  increase  of  piston  engines  could  result  in  the  disad¬ 
vantage  of  the  turbine  being  eliminated.  Development  of  materials  allowing  opera¬ 
tion  at  higher  temperature  would  help  make  the  turbine  competitive  on  fuel  con¬ 
sumption.  The  turbine  is  capable  of  operating  on  a  wide  range  of  fuels,  but  specific 
designs  require  a  limited  range. 

(10)  Durability. — Aircraft  turbine  engines  have  demonstrated  much  greater 
durability  than  piston  engines.  There  is  considerable  doubt,  however,  whether 
this  will  be  true  for  cars  due  to  operation  with  very  frequent  wide  fiuctuations  in 
load  and  operation  with  dirter  air.  The  addition  of  the  reg«aerator  required  for 
reasonable  part  load  fuel  consumption  may  also  reduce  durability. 

Overall,  the  turbine  appears  to  have  a  significant  potential  net  advantage  and 
sMKirently  warrants  additioni  development  effort. 

Stirling 

( 1 )  Smoothneaa. — Stirling  engines  are  also  extremely  smooth  engines  effectively 
completely  balanced  and  have  very  minor  cyclical  variations  in  torque. 

(2)  Flexibility. — ^The  Stirling  engine  has  a  favorable  torque  curve  providing 
substantial  torque  increase  as  speed  falls. 

(3)  Emiaaion. — The  Stirling,  based  on  bench  tests,  appears  to  have  the  lowest 
emissions  of  all  known  engines,  well  within  1976  requirements — achievable  with 
little  penalty  in  fuel  cemsumption  or  cost. 

(4)  Goat. — ^The  Stirling  appears  to  have  a  cost  disadvantage  due  to  the  re¬ 
quirement  for  high  temperature  alloys  in  the  heater  head  and  to  control  problems. 
Recent  developments  indicate  these  control  problems  are  not  as  formidable  a.s 
once  believed.  At  very  tight  emission  standards,  the  piston  engine  could  con¬ 
ceivably  increase  sufficiently  in  cost  to  make  the  Stirling  competitive  or  possibly 
give  it  an  advantage. 

(6)  Noiae. — ^The  Stirling  engine  has  a  very  low  noise  level  and  is  the  quietest  of 
any  of  the  serious  contenders. 

(6)  Weight. — ^Recently  developed  double  acting  Stirling  engines  appear  com¬ 
petitive  in  weight. 

(7)  Size. — Stirling  engines  are  somewhat  larger  than  piston  engines  but  studies 
show  they  can  be  installed  with  all  accessories  in  engine  compartments  of  both 
sub-compact  and  full  size  cars. 

(8)  Maintenanoe. — Like  the  turbine,  the  Stirling  should  have  relatively  low 
maintenance  requirements. 

(9)  Fuel  Conaumption. — ^Th-.;  Stirling  has  a  fuel  consumption  potential  lower 
than  any  other  contender  and  will  operate  on  the  broadest  range  of  fuels.  Achieve¬ 
ment  of  the  very  low  fuel  consumption  may  not  be  possible  with  a  practical  size 
radiator.  Compromise  would  still  leave  the  engine  with  lower  fuel  consumption 
than  any  engine  but  the  diesel. 

(10)  Durability. — Developmental  Stirling  engines  have  shown  extremely  high 
durability — perhaps  due  to  over-design.  Some  compromise  to  help  reduce  cost 
may  be  in  order. 

On  balance,  the  Stirling  engine  appears  potentially  the  most  attractive  power- 
plant  over  the  long  range. 
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Btrttttfiet  Ohorfm 

(1)  atnttfled  diarge  engine  can  eqnal  the  flexibility  of  the 
piiri^  wigiwo,  aUAoai^  it  la  dlflictilt  to  achieve.  It  may  not  be  achievable  on  all 
typca  of  i^tlflM’dUm  englaea. 

(2)  Bmoothneit. — ^Ihe  atiatlfled  charge  engine  aa  a  modlflcation  of  the  gasoline 
should  have  antrozlmatiay  equal  smootimess. 

(8)  J>Mt<<0M.r-Stiatlfled  charge  oigiaes  have  shown  potential  for  low  emis¬ 
sions.  Honda  hu  readily  met  the  original  19T5  standards  with  both  small  and 
large  cars  and  Uu  come  close  to  1876  standards  with  small  cars.  Other  types  of 
stratifled  charge  ei^glnes,  such  as  the  Ford  Proco  have  shown  potential  for  rda- 
tivcdy  lolw  emissions  (but  not  yet  as  good  as  Honda). 

(4)  Coat. — ^As  then  will  probably  be  some  loss  in  maximum  power  and  some 
increase  in  conqdexlte  (prechamber  8rd  valve  or  fuel  injection) ,  some  increase  in 
cost  over  present;  (1^)  migiaes  is  likely.  However,  emnpared  to  dual  catalysts, 
it  would  likely  be  substantially  cheaper. 

(5)  Soite. — ^Noise  diould  be  eqntnlmit 

(6)  Wetffht. — ^Dite  to  smne  probable  loss  in  maximnni  power,  c^tive  weight 
would  rilghtly  increase. 

(7)  flriss.—ltae  same  anpUce  for  rise  as  for  wei^t 

(8)  JfaiMsiMnios.-'.^-Sixatifled  charge  engines  should  require  slightly  more 
msdatenance  than  uncontrolled  engines — somewhat  lees  maintenance  than  engines 
with  dual  catalyst. 

(9)  fuel  OotuumpHou. — ^Probably  a  slight  advantage  in  fuel  consumption  will 
be  realised  by  practical  stratifled  charge  engines  although  development  will  be 
required.  Bnniiag  of  overall  lean  mixtures  and  reduced  pumping  looses  both  save 
fuel.  Stratifled  curge  engines  can  use  a  broader  range  of  fuels. 

(10)  DurobfUtif. — ^Based  almost  exclusively  on  current  piston  engine  tech¬ 
nology,  the  stratifled  charge  engine's  durability  should  be  similar. 

The  stratifled  charge  engine,  on  balance,  is  not  as  attractive  as  the  Stirling, 
but  because  it  is  ba^  largely  on  exlsti^  parts,  it  could  be  commercialised 
relatively  rapidly  with  only  slight  disruption  to  the  industry.  It  is  only  mar^ 
ginally  attractive  compared  with  current  engines.  It  is  quite  attractive,  however, 
compared  to  conventional  engines  with  dual  catalyst 

Diesel 

(1)  FleufMHty. — ^Diesel  engines  generally  operate  over  a  narrower  speed  range 
and  require  more  gear  ratios  and  shifting. 

(2)  flfmoofbaess. — ^The  diesel  Is  less  smooth  than  the  gasoline  engine  due  to 
Its  combustion  charaeterlstids. 

(3)  Emissions. — ^Diesel  engiites  have  very  low  hydrocarbon  and  carbmi  monox¬ 
ide  emissions  and  can  have  fUirly  low  oxides  of  nitrogen  emissionB  but  probaUy 
not  low  enough  to  meet  1976  requirements.  Diesel  engines,  however,  also  tend 
to  produce  objectionable  smoke  and  odor. 

(4)  Cost. — ^Because  of  the  direct  fuel  injection  system  (16-26%  of  engine 
cost)  and  because  of  the  requirement  for  a  more  rugged  structure,  diesel 
engines  are  substantially  more  costly. 

(6)  Noise. — ^Diesel  engines  are  generally  much  noisier. 

(6)  Weight. — ^Unless  the  dlee^  were  turbo-charged  to  a  high  boosbpressure 
and  run  at  high  speed,  it  would  be  substantially  heavier. 

( 7 )  Size. — 'The  same  applies  for  sise  as  for  weight. 

(8)  Mointemsnee. — ^Dtearis  have  proven  to  have  low  maintenance  requirement 
primarily  due  to  their  heavy  rutted  design. 

(9)  Fuel  Consumption. — ^The  diesel  is  a  very  dBdent  miglne  and  has  a 
substantial  fuel  consumption  advantage  especially  at  light  loads  characteristic 
of  passoiger  cars. 

(10)  DuraPilitp. — ^The  diesel  has  also  been  proven  to  be  a  very  durable  engine 
also  due  to  Its  ragged  design. 

On  balance,  the  diesel  does  not  aivear  to  be  an  attractive  alternate  for  pas- 
soigef  cars. 

BtrutilM  Charge.  Wunkel 

Mueh  has  been  made  recently  of  the  potential  for  a  stratifled  charge  Wankel. 
Operating  on  the  same  thermodynamic  principle  as  the  piston  ei^ne,  it  is 
possible  to  produce  stratifled  charge  Wankd  engines.  B^use  of  the  gross 
mechanical  design  differences  In  the  two  engines,  it  is  usually  not  possible 
to  have  exactly  equivalent  stratlflcatlon  ai;g>roadies.  The  develoinnent  of  a  strati- 
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fled  change  Wankel  a  greater  techolcid  challenge  **»«"  derelogiBMCt 

of  the  oonventtonal  Wankel  and  therefore  a»eata  to  he  farther  away.  Stratifl- 
caition  aboold  hare  rdattrely  the  aane  advai^apM  and  dtaadyantagea  as  it  does 
for  the  piston  engine  altboo^  doe  to  the  q>ecifle  dcsignB  eTcdred,  th^  relatlTe 
coats  miiM  be  goite  different. 

fi.  fieeog  Outu 

For  heavy  doty  apidlcatloiis,  the  pammeters  hare  been  reordered  (FaNs  F) 
with  fh^  ccmstunidion,  maintoiance  and  durability  moving  front  least  important 
to  most  important,  flexibility  and  emoothneee  move  from  moat  Important  to 
near  least  important  The  basic  engine  for  compaxlMm  is  the  diesti  angitia 
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TaBLB  V 

The  Wankel  migine  considered  here  is  snbstantially  dlffermit  from  the  pas¬ 
senger  car  Wankel.  The  high  compression  ratio  reqnired  for  dired  compression 
Ignition  results  in  very  unfavorable  geometry  in  a  WankeL  Engines  of  this  type 
have  been  built  but  performed  very  unsatisfactorily.  This  problem  can  be 
overcome  by  cimipouDdlng  two  stages  of  lower  c<HiQ>reerton.  :^ce  is  the 
apparent  leader  with  this  approach.  The  two-stage  Wankd  dleeel  is  in  a  much 
earlier  state  of  development  and  the  problems  to  be  overcome  are  greater.  It 
has  the  disadvantage  aC  adding  complexity  but  still  results  in  a  very  compact 
engine.  The  Wank^  reqoires  only  one  fi^  injeetor  for  each  two-stage  unit. 
TUs  version  will  probably  be  built  primarily  with  two  two-stage  units.  The  two 
fuel  injectors  regii&red  ooBSpan  with  6  iw  8  ou  a  ptehm  type  dlead  engine.  Fad 
injectors  must  oporate  at  twice  the  frequency  at  the  same  miglne  speed  and 
as  Uie  speed  of  the  Waakd  is  higher  than  the  ptoton  engine,  the  maximum 
frequency  of  inJecUou  is  modi  higher.  Injection  equipment  to  operate  at  these 
freqaencies  has  not  yd  been  devdoped. 

Wdle  this  type  of  Wanlrel  has  advantages  compared  with  piston  dieeds, 
they  are  in  the  least  Important  paramders.  It  has  dtoadvantages  in  the  mod 
Important  parameters.  The  Wankel,  therefore^  lodu  unattractive  for  heavy 
dn^  application. 

Both  the  tnrUne  and  Stlrlliv  not  <mly  aroear  far  move  attractive  than  the 
Wankd,  hot  alao  offer  advantagee  ovmr  the  diead.  The  turbine’s  high  fad 
omuoavtiiHi  may,  however,  xweveut  it  from  achieving  aobstantial  aeowtanoe. 
Hie  Wankd  dired  might  have  potential  for  medtnm.duty-apiflkatiffina  where 
fad  consumption,  maintenaace  and  durability  are  of  lesser  importance. 
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O.  BmaU  Bmgtitm 

Sautn  enftaMB  are  used  ia  a  wlda  rarlatgr  of  apt^cattias  socb  aa  i*a<n  aawa, 
lawBBtowen,  coiantor  seta,  poups,  and  nereatlonal  Tehicles  and  low-power 
IndasMal  wdudea.  Tbe  reiinirementa  of  these  engines  can  vary  sUpdllcantly. 
For  porpoees  of  analysis  here,  ttie  parameters  hare  been  placed  In  order  of  im¬ 
portance  for  consnmer  product  ai^licatlons  (Table  VI).  Both  two-  and  four¬ 
cycle  piston  engines  are  used  for  these  products.  The  two-cycle  engine  Is  pre¬ 
dominant  at  the  hltfter  power  ler^  of  most  recreational  rehld^.  It  has, 
therefore,  been  dlooen  aa  the  base  engine. 


Relative  Importance  of  Selection  Parameter 
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Tabu  VI 

Whnkel  engliMs  for  this  an>Ucation  would  be  primarily  slngde  rotor  and 
would  use  diarge  cooling  of  the  rotor  instead  of  oil  cooling  and  would  n^ 
an  oil-fuel  mix  similar  to  many  two-cycle  engines. 

There  appears  to  be  no  way  tbe  Wankel  can  ever  be  cost  competitive  with 
slntfle  cylinder  piston  engines.  Althons^  Wankds  are  offered  in  snowmobiles, 
outboards,  lawn  mowers  and  for  model  airplanes,  th^  are  sold  to  a  very  limited 
market  at  very  substantial  inemiums.  The  Wankel  has  a  better  chance  against 
multicylinder  engines  (above  15  HP).  As  tbe  products  udng  small  engines  become 
subject  to  more  stringent  noise  and  emission  regulation,  tbe  cost,  sine  and  weight 
of  the  idston  engine  will  rise  faster  than  for  the  Wankel,  periiaps  making  it 
competitive.  The  Wankel  has  advances  in  all  the  other  parameters  except 
durability  which  is  relatively  unimportant.  The  Wankel,  therefore,  looks  promis¬ 
ing  for  recreational  vehicles  especially  those  now  using  multi-cylinder  engines. 

VI.  rASSBBCBB  CAB  BBsm  rAoxAonro 

SlsCv  weight,  and  configuration  of  engines  are  significant  factors  in  engine 
installatlm  and  vehide  layout  The  piston  engine  is  being  used  in  a  wide  variety 
of  veUdie  configurUtiooB  today— front  mi^e,  rear  engine  or  mid-engine; 
Icmgltndfoal  w  transverse  mounting;  and  with  front  or  rear  drive.  Stne  and 
vreUfiit  ot  engines  have  been  relativdy  unlmportnat  (ranked  6th  and  7th  of 
ten  parameters)  in  the  past  but  are  expected  to  become  increasingly  important 
due  to  the  trend  toward  smaller  cars  and  tbe  increase  in  space  requirements 
and  weight  of  emission  control  and  safety  equipment.  The  “energy  crisis”  will 
further  increase  tbe  Importance  of  siae  and  weight. 
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Blajor  Cuten  beblad  pmjMCIaM  of  •  rapid  WuM  rerotatloii  ans  claims  of 
HaTlaps  of  or  moca  la  caplBa  siae  and  wtftftt  Umbo  ■ivlaci  are  projected 
to  t>e  fnrOwr  smptWsd  Oioi^  the  “Tiitiifn  of  iiaiisniUTir  care  pcv^ttiac  a 
net  redncttam.ta  ear  langth  <4  til  Indtea  wMhoat  sacrifkilBg  paaaaader  apace 
due  to  the  apaller  awflaa.  This  reducttoa  ta  tan^  tc»iither  with  the  Ulster 
engine,  tmalnaB  paaifetad  to  raadR  la  a  tottf.  «eli^  redactkm  of  1,000  Um^ 
tosetbar  wtBtoeaaoaacat  esataaelaaL 

Wankrt^l^nBeuiadMMthrttt&geala  can  Imreadaaihypiactot  the  engine 
acroee  the  Iwait  of  the  ear  aatatfteat  wheat  driee—aaacaUadtiaasTeiaeen^Be. 
Indeed,  the  dfadmed  weltfit  cad  atae  advaatagaa  tor  the  Waakel  are  considered 
so  compdlhv  to  war  and  mamilhetitter  as  to  eaaaa  *  sapid  changeover  to 
the  Wankd  tamM>o  tor  ecoDonlc  and  eaa^atlttre  saanena. 

Bhctmiaiea  ahUyaia  of  siae  and  walpht  of  tha  W«Bii|  aaglna  howeser,  redoced 
this  cUOniad  advaatafe  aonawhat  aa  diaeaaaed  parrtoaaiy  (Saetton  T).  W^t 
savings  of  10-80%  and  votiiM  aarhiiB  of  g0-«>%  ascas  reaaoaaUa  These  stUl 
represent  suhstaattat  imuroalliaitW,  idjirtallr  la  vtdeasa.  Bowwer,  these  volume 
savings  are  not  so  readll|f  '«M|)*Brtad  %  stailor  letecthm  ia  vehide  siae.  The 
volume  cootpartaemn  am  haMId:  oh  tta  hem  created  bp  aenttii^lag  the  maximum 
width,  hddkt  and  Itliat  pMn  oMhao  do  not  OD  the  box  vmrp  eonafletdp, 
as  the  pictuie  of  On  lodacaciaaahewa  (.hifirvd).  'Vnihlathe  aiaxlainm  width. 


Ihataa  h 

there  is  considerable  space  at  the  upper  iteCt  for  aoc^saades  and  lower  1^  and 
right  for  frame  talla,  running  gear,  suspasdoa  compodsiits,  or  emlaaimi  controls. 

In  cemtnut,  the  Waidwl  enjj^  to  indeed  tmp  eonptet  but  mudt  mote  nearly 
flUs  its  box  as  the  pictore  of  the  Maada  shovra  (f*({wre  d).  This  Masda  engine 
to  both  somewhat  lower  and  sbenrter  than  the  Pinto  engine  but  not  narrower. 

In  the  Tonmado  front  wheel  drive  care  (Pipsve  I),  the  transmission  and  differ¬ 
ential  are  placed  along  side  the  engine  adding  only  sUghtly  to  width  and  hei^t 
of  the  engine  “box”,  nito  to  the  type  of  arrangement  whlA  would  also  he  used 
with  a  transvecse  installation.  Ruhaglng  a  transmlselon  and  diff«ential  with  a 
Wank^  engine  would  add  signiilcantly  to  the  width  and/or  height  of  the  installed 
Wankd  engine  box. 

Considerable  lengOi  saving  can  be  achieved  with  present  engines  (Pipsre  5). 
nie  1972 1/PD  shown  here  has  more  than  18  inches  of  onntlltoed  or  poorly  utlllaed 
space  ahead  of  (he  engine.  Sonte  oara  have  evmi  more  waste  space.  Since  the 
toe  the  stylist  bid  the  radiator,  more  than  40  years  agts  naused  Or  pomrly  uttitoed 
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■  Wmtm9 

Ifial  WM  flaUMnd  siioctty  with  tte  «r  CUJA  MO  sad  fhm  ttie  110  aLD.  Anstlii 
Antsrfis,  all  wMi  txanarase  encins  ftont  wheel- drlm.  More  recently,  a  IM 
OJ^.  tsaaamtae  ft«ylln4ee  aeodei  has  been  prodneed.  WUhln  the  same  width, 
*mhi<a  Ih''  aanosner  than  foB  siaed  U.S.  oars,  it  woold  be  possible  to  pnt  h 
an  ClAO.  T-IS  engine--*  Vg  of  file  aame  lengOi  (car  width)  and  hariiM  same 
M/S  ceidd  be  ••  larva  a*  «§  aiD^--a«u1y  ao«  laicer  than  toe  largsot 
CM  engine  in  ^odnctlon.  <nieee  very  compact  vebiclea  did  Mt,  however,  teve 
sadh  compiling  advantages  as  to  catise  a  massive  switdi  to  this  ctmcepC. 

These  transverse  oiglne  oars  are  no  longer  imported  into  toe  U.B.,  having  be» 
replaoed  by  a  conventional  front  engine  rear  drive  mod^  NevertMess,  otoets 
have  adtgited  toe  concmit  inctading  Peugeot  and  Flat  (Figare  7).  ’One  Japanese 
appear  to  have  carried  the  concept  to  its  extreme  (Fiyiire8).Thea6ai.D.BaiMl 
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1 7«un  In  the  U.8. 


eoo  0(nqwi»«lM  to|^ 

^irtOI «•  Waatal  ogte  In  a  ^n- 
Tentkmal  rear  drlre  arrui«ement  Anotltv  vemlimji 
shown  at  the  tap  of  Fttmn  ».  Becenily  i»trojtafl>g  to  U&  t«  tte 
crviG  meiit  wlth  a  T8  QXO^eMteSi  It  to  tttoWK  to  wUeh  iL  UB.OJ-D.  OVOO 
stratUM^raflv  ehtfne  CW^Statoti  the’ t#  mbIbsIod  etanJfeFds)  has  been 

Installed.  m 

There  appears  to  be  no  way  Uie  Honda  engine  conld  be  lit  nj  J®*' 

tlon.  in  the  space  arailaMe  In  the  Honda,  riat,  Peogeot  or  BI^C  cars^thont 
iiMwiiwieg  ttw  Tddde  length.  There  appears  to  be  no  sobstantial  packagln^d- 
tantage  in  conventional  eoallganitloa  Httier,  at  least  affl^  en^toes. 

WgnMWnt  lourtli  MTlii<s  osold  1)0  sciiievvd  compand  witii  a  d^ylMar  «agii^ 
however.  One  Wankd  tisadvaiitage  wlUi  ftont  engine  aj*!® 

PVfww  P  is  the  lil|h«r  drteeshaft  leqnhlng  a  higher  tunnel  throueh  t^e  «r.  Tto 

Is^w  to  the  contarttne  of  the  Wetnbd  rotw  abaft  being  Blgniacantly  higher  than 

a  pistap  engine  era  itoshaft. 


Item  d 

nuM  iSfesotttm  tadlQftto  th«t  major  ndoetims  la  tk*  ilM  <tf  pMan  povend 
can  an  arttftwiMa.  tta  latame  aarlita  ct  tba  Waalnl  an  tlm/lj  aot  callable 
of  beiac  ennctad  to  aabattatial  admnal  aarlnaa  la  riaa  or  coot 

Fortliainon  aome  of  the  nallaal^  welgftt  aavlaic  of  'Qie  Imkol  to  doe  to  the 
sniMrtaBttol  an  oC  alawliwiin  at  ao-SSA/'pmmd  mnos  cast  Ixm  la  tlw  ptoton  engloe 
at  7-S^/peaaa. 


Tmm  10 

▼n.  nauK  naxnoLRT 

Modi  has  beea  Blade  or  tbe  deriga  flexibility  of  the  Waakd—allowlBg  aay  anm- 
ber  ct  roton  to  be  ‘^tadrad”  anowiog  commoa  tobUag  to  taorlde  for  a  yrtj  wide 
raage  oT  power  aeeda.  niere  to  Tory  Uttle  latnest  ia  ainide  rotw  eagiiiea  for  pao- 
aenger  can  ao  the  ailalmom  eogim  becaan  a  two>totor  ngiaesi  Ihiee  aad  toar- 


rotor  eogiiiM  haTo  boon  bollt,  bnt  tbere  i«  a  ooat  peaaltj  of  a  tvro>ptooe  rotor  shaft 
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Is  very  iaaportant  to  toe  rdatlvdy  low 
M«e  of  power 
““  lU  Detroit 

a  range 
This 
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mx.  COST 

Cost  is  toe  dreatost  unknown  factor  and  wUl  probably  bare  toe  most  influence 
iqnn  toe  appIlcaUlltr  and  rate  of  oommertdaliaation  tO.  new  mgines.  Ckwt  is  a 
fnnctlon  of  weight,  number  «t  parts  and  tedmological  dmisity.  The  latter  conc^t 
comes  from  Hr.  Tamamoto  Toyo  Kogyo.  Technological  density  indndes  mate¬ 
rials,  qnantttyjad  quality  ef  machined  gntfaces,  tolerances,  surface  treatments, 
and  dedgn  eompisadty.  Moat  cost  peojectiotti  ate  superficial,  bdng  based  on  the 
first  two  terms  oaly. 

This  is  a  wlddy  used  ^'dlmtoafy  estimating  approach  and  is  valid  when  the 
third  tmrm  is  xeiatiTely  equal,  bnt  in  toe  case  of  at  least  Wankds  and  turbines, 
rtoldi  do  weigh  leas  and  have  fewer  ,par^  it  is  not  fiSysre  11,  comparing  a  Pinto 
foni^Under  with  a  Masda  two  rotor  Wahkd,  does  show  fewer  pieces  bnt  not 
dramaticaily  less  as  some  emnnaxisoQS  ^ve.  tn  this  illnstratioo,  toe  Wank^  uses 
42  sealing  dements  par  rotor‘(otoer  emiflgvntloils  use  up  to  68  per  rotor).  In 
coBtsaat  too  piston  engliie  uses  snly  five  per  c^Ua)|er.  Incindlng  toe  valve  gear 
pMfts  and  Mw  aaalg,  ^itfqtoo  engtae  pass  19  m  cylinder.  The  idston  engine 
Ima  toe  qimniMW  dmAlcatoms  of  afanxte  parts  proto^  in  high 

vninms  gfglir  ft  sf^  fid^ffMUtpart  (UmMheaanSieywtder  engine). 


la  ooatnwt  to  the  iiietoa  ring*,  wfaldh  ere  a^-ietalned  in  idece,  Wenkd  aeela 
ere  hdld  in  place  (MOy  by  grerlty  or  frletini  mtt  tl>e  aeel  trying  to  eject 

tbem.  Tide  enneeta  some  dUBcnlt  eeaembly  proUems  not  readily  lending  them- 
selres  to  economlcel  entometton. 

The  only  examples  ot  prodnctlcm  Wenkela,  whether  la  cars,  snowmobiles 
model  airplanes,  currently  eril  for  hl^  premiums.  Ifaada  adla  for  a  |800  nremlum 
here  and  more  than  a  $800  preminm  in  Japan  where  the  timnal  reactor  emission 
controls  hare  not  been  nse^  Masda*S  cost  penalty  is  not  known  bat  b^ered  to 
be  substantial.  While  Kaada’s  rolume  is  low  (IBtfiOO  Wisakda/yr)  compared  to 
the  highest  volame  U.B.  engine,  it  Is  not  low  compared  with  th^r  pistm  engine 
prodnctlob :  in  1072  It  aeconnted  for  40%  of  passenger  car  production.  It  is  actually 
ccnidMrabla  In  TOlume  to  many  U.&  engines  imduding  Obevndet,  AMC  or  Ford 
8*0,  AMC  8’s  and  several  other  8*e. 

Since  the  Wankd’s  tattrodQction  In  1087,  Toyo  Kogyo  sales  have  more  than 
doubled  but  their  proAts  have  stesdlly  dedined.  Their  average  retail  prmnlum 
worldwide  was  about  $400  last  year  and  with  normal  discounts,  about  $260  per 
car  was  received  by  Toyo  Kogyo.  It  appears  moat  at  this  premium  U  eatmi  up  in 
hither  costs. 

n.S.  snowmobUea  with  Wonktl  engines  for  a  premium  of  turn  $ieO-$S50. 
A  small  modd  airplane  engtne  seOslor  nearly  four  times  the  cost  of  an  equivalent 
two<yde  piston  modd  airplane  *»»gtn«>- 

One  of  the  areas,  of  high  cost  Is  materials  for  and  n«««»w»i<ng  of  tlm  trochoid 
surface.  While  a  great  many  material  and  treatmmit  cmnbinatlons  have  been  tried 
the  most  successful  have  been  aluminum  housings  with  either  chrane  by  the 
DodilMsJarvia  transplant  process,  Blntstl  (or  tungstmi  carbide).  Toyo  Kogyo 
and  NflC  are  bdlev^  to  be  using  equipment  capihle  at  grinding  four  to  five 
houdngs  per  hoar  (2  to  2%  englnes/lm).  Becent  reports  Indicate  this  may  have 
doubted  ualng  diamond  grinding  wheda.  fleveral  11.8.  machine  tool  bonders  have 
recently  Introduced  proto-type  grinders  capable  of  flnlshlng  20-26  houstngs  per 
hour  (10-12  engines^). 

Typieslly,  pMon  engtoes  are  produced  at  100  or  moie/hr.  It  seems  Ukdy  that 
another  generation  of  machine  toots  will  be  required  before  high  volume  ptodne- 
tl<m  would  be  economically  inactleaL  Bven  if  a  cast  Iron  honaing  conld  be  need 
without  treatment  and  produced  at  substantially  higher  rate,  there  Is  doubt 
vrtietlier  tee  Wankd  could  be  produced  eompetltlvdy.  So  far,  cast  iron  does  not 
lookfSaalUe. 

n.  oancaL  art&ruart 


Oloseiy  idntad  to  cost  are  oiQiltal  Investment  requltcBients.  The  VAi.  suto  in- 
dustry  and  Ite  eupiaisrs  are  estimated  to  have  inveeted,  at  xoplscement  coat,  over 
$80  Ulll<m  In  mnchlnery  and  equlpamat  (not  Indndlng  plant  and  land).  At  least 
16  to  20%,  or  $8-10  billion.  Is  estimated  to  be  te  the  production  area.  The 
auto  manufactam's  greatest  annual  investment  In  machinery  and  equipment  has 
been  about  $2  billion.  Only  a  portion  of  these  Investment  of  coarse,  are  in 
machine  tocds. 

Ohe  madilne  tote  Indnstiy  has  an  annual  capacity  of  about  $2  billion  bat 
probably  not  mors  than  20-25%  can  be  devoted  to  the  auto  industry.  Bslpb  Cross, 
inesldent  at  tee  (Jnss  Ca«  recently  told  the  Environmental  Protection  Agency 
that  a  Changeover  to  a  con^etitef  new  engine  would  take  12.8  years,  based  on 
present  capi^ty  of  tee  traaite  (antomaM  muiufactaring)  nuuhine  industry. 
This  coidd  pirobaHy  he  wpcwM  ivon  resulting  In  a  10  year  conversion  If  war¬ 
ranted.  There  may  heetlNr  llmlttag  f  actmre.  The  lead  time  to  eqnlp  the  indoatry 
with  troteited  grteieka  (eSoD  for  teow  cate  grinding)  la  apparmitly  not  one  ot 
them. 

h-  acno  oosoOMotauxAnoir  oosaanaAnoirs  . 

Further  Indglitjate  tee  poctble  rate  of  eommerdallaatlon  may  be  gained  tram 
a  look  at  Mslwy  jac  atete  ipi^  new  atewnotlve  Innovations,  Figure  12  teiows  the 
history  of  aStteimte  teteteWaidteWt  te  bxafees  and  air  conditliming.  The  Anto- 
nmtlc  TransndaBMiJeskjKL  Atf  thadlthDatlic — andjEHscBrakes — 8  years  fran 
snccesstnl  Introdnetion  to  a  60%  market  penetratlomiJa^d  been  marketed  on- 
succeesftely  In  tee  U.S.  many  yean  eaillCT,. 

Disc  bcakee,  for  example,  wen  and  In  prodoetltei  on  (%yrier  can  as  early 
as  1060.  Tb^  also  had  been  very  wldtey  used  In  Burope.  In  addltlcm,  they  re> 
pcNTtedly  cost  len  to  pradoealn  Ute  ytenme  than  dmm  brakes— a.  stroog  laeen' 
.tiref(wnpid  diange. 
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Power  Hteering  end  power  brakee  UxA  14  and  17  years  leqpectirely  to  reach 
60%  market  pmmtiktion.  These  are  examples  of  the  most  soccessfnl  prodncts. 
Many  leaser  saocesses  have  not  readied  10%  and  some  have  approached  10% 
only  after  16  to  26  yens. 

'Many  others  didn’t  make  it  at  all— air  ride  lasted  leas  than  two  years  despite 
neariy  a  3%  initial  penetration.  Foel  Injection  lasted  nine  years  bat  had  a  maxi- 
mompmietratiwi  of  leas  than  a  tenth  of  one  percent. 

Probably  the  best  analogy  that  can  be  made  is  with  the  change  to  modem  short 
stroke  overhead  valve  en^es  (llgare  18).  TUs  first  shows  bow  the  engine 
market  mix  has  changed  since  the  mld-SO’s.  Soperimposed  (whiskered  area)  is 
a  carve  showing  the  transition  to  the  omdem  engine.  This  change  started  in 
1948  and  was  not  comidate  ontil  1806 — 18  years  later — evolationary,  not  revolu- 
tionaiy.  In  1948  the  Indnstry  was  dae  for  a  change;  the  last  pievions  significant 
new  e^ne  was  Introdnced  17  years  earlier  and  some  en^nes  were  approadblng 
39  years  ot  age.  Prodnction  tooling  was  largely  obsolete  and  worn  oat  Farther- 
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more,  aabetentUl  BAD  bad  tahra  place  cm  eogloea  and  conelderably  higber  octane 
tn^  had  become  avatlable,  both  largel  In  nopoBse  to  artlme  aircraft  needs. 

The  steop  bieieaae  in  the  midWa  oC  both  modem  enginee  and  eight  cylinder 
engines  aemna  to  parallel  tte  horoepoiMr  or  race.  Pmit-ap  demand  and  conoomer 
sarlngB  reralUng  from  two  ware  hdped  fart  thie  growth.  Had  a  long  term  smooth 
growth  eorre  or  V-S  engUies  tahen  plaee,  dte  transition  cnrre  would  probaUy 
bare  been  a  tyirtcal  smooth  8  carve  with  the  midrpolnt  about  IMtt.  This  early 
growth  repraeenta  the  demmistrated  capacity  of  the  induatry  for  major  substan¬ 
tial  engine  rttange  and  tends  to  snagast  this  conversion  to  modem  OHV  engines 
could  probably  hare  been  comideted  In  ten  to  twelve  years. 

Today  the  rttnation  la  quite  different — 'Bord  has  a  new  engine  plant  Just  now 
going  on  stream  to  produce  the  Pinto  mglne  in  Lima,  Ohio.  Void  Is  also  building 
a  new  engine  plant  in  BrasU.  Two  other  engines  ate  less  than  three  years  old 
and  almost  all  engines  In  productloa  hare  been  introduced  or  retooled  within 
the  past  decade.  In  addition,  there  is  a  much  wider  range  and  greater  number  of 
both  engine  and  car  models  in  production.  A  comidete  transition  could  therefore 
take  longer  today. 

The  heary  dn^  engine  producers  also  hare  a  number  of  telatlrely  new  engines 
in  production  or  under  development  for  near  term  introduction,  and  new  plants 
are  under  construction  to  produce  diesel  and  heavy  duty  gasoline  en^nes. 

If  indeed  substantial  cost  savings  are  achieved — more  than  16%  (and  some 
project  up  to  ao  or  40%) — then  there  would  be  incentlre  to  obsolete  unamor- 
tis^  to<Ang,  make  these  large  investments,  and  move  rather  qni<Uy  to  the 
Wankel.  With  today’s  demand  toe  corporate  social  responsibility,  the  major 
auto  compemtes  could  only  move  rapidly  to  the  Wankel  it  ite  serious  fnrt  con¬ 
sumption  penalty  were  substantlaliy  reduced.  Tbe  limiting  factor  then  wonld 
likely  be  the  machine  tort  indnstry. 

On  the  other  hand,  if  there  is  little  or  no  cost  saving,  commercialisation  will 
be  at  a  rather  slow  pace,  and  at  a  cost  penalty,  will  be  quite  limited  55,000 
Masdas  at  a  $600  premium  is  one  thing.  There  may  even  be  a  maricet  of  as  many 
as  600,000  U.8.  built  rtwrty  novelty  cars  at  a  few  hundred  dollars  premium— but 
certainly  not  a  market  for  10  million. 

XI.  UAKCET  SHAKE  PSOnXmoNS 

Ptutentier  Oar 

Taking  all  the  previously  discnssed  factors  into  account  and  applying  both 
optimistic  and  pemimistlc  assumptions  (within  a  reasonable  range)  yields  tbe 
projected  range  of  probable  market  share  for  Wankels  shown  shaded  in  ITigore 
14.  The  maximum  probable  Is  about  1S%  by  1960  and  28%  by  1966.  The  mini¬ 
mum  probable  rises  to  3%  in  the  late  lord’s,  gradually  fading  away  In  tbe  mld- 
lOSO’s.  nie  maximum  po^ble  curve  is  bas^  on  tbe  assumptions  of  greatly  in- 
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creased  BAD,  major  manufacturing  developments  and  the  capacity  of  both  tbe 
machine  tool  and  auto  Indnstries  to  finance  and  produce  the  necessary  produc- 
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tloa  eqa^oMBt  Is  aMIHoiii.  mnom  iii«Jor  ineottlTe  Cor  tbia  nidd  cbaage  which  ia 
not  BOW  iVPBiant  wBidd  kia  reqalnd. 

Othar  oew  engtaie  tTpea  an  In  the  ptctore  and  moat  be  conaidered.  How  lone 
wlU  thne  be  to  aatorttw  the  Inveetmmt  before  It  ia  obaoleted  by  one  of  the  other 
adTanoed  powaridantai  Ficnre  Ifi  abowa  what  mii^t  happen  with  the  turbine 
ahoidd  wifllrieBt  piotnoa  be  made.  The  SttrUnc  entfne  could  materlallae  in  about 
thia  aame  time  frame  and  would  have  etrooc  incentive  to  be  conunerdallaed 
at  a  rapid  rate.  Note  that  the  80^  point  on  the  maximum  poaaiMe  curve  occun 
only  alx  yean  after  Qie  aame  point  fw  WankeL  Thia  ia  about  half  of  the  uauai 
amortiaation  period  for  inveatmenta  of  thia  type. 


Fioxinc  15 

The  atratifled  charge  engine  of  course  could  come  much  sooner.  Althou^  this 
engine  would  ordinarily  r^naent  a  nlatively  great  change — new  cylinder  beads 
would  probably  be  nquind— compared  to  the  Wankel,  it  ia  almost  Insignificant 
If  larger  cars  oaing  the  Honda  stratified  charge  cotkcept  can  meet  emission  stand¬ 
ards,  and  Honda  has  very  recently  indicated  they  can,  there  would  be  strong 
incentivo  to  move  to  it  rapidly. 

Fignn  16  is  a  composite  of  Figures  14  and  16  showing  that  the  great  majority 
of  the  market  will  still  be  for  r^procating  piston  engines.  Also  shown  are  esti- 
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autm  of  ^  idKnlter  tenn  ptetursu  TU»  was  pr^ured  before  the  EPA’s 
gidnang  ot  a  <me-year  extension  on  the  1975  standard  and  creation  of  interim 
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standards.  It  now  appears  the  number  of  catalyst  controlled  engines  will  be  sub¬ 
stantially  lower  than  shown  in  1870.  The  picture  for  1876  and  beyond  is  still  very 
unsettled. 

Heavy  Duty 

Projections  for  the  turbine  engine’s  penetration  of  the  beary  duty  maibet  are 
shown  in  Figure  17.  Ford  recently  announced  they  were  closing  down  their  pilot 
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production  line  after  building  200  engines  to  await  an  improved  new  design 
late  in  the  1870’s. 

The  Stirling  engine  could  not  be  introduced  before  the  early  lOSO’s  and  would 
likely  not  exceed  the  upper  limit  of  the  probable  turbine  curve  at  least  until  the 
very  late  1880’s. 

'The  Wank^  if  it  comes,  will  be  later  and  slower.  Heavy  Duty  engine  manufac¬ 
turers  are  more  cautious  and  move  slower  than  passenger  car  manufacturers. 
(Most  have  new  diesel  engines  under  development  and  some  new  plants  under 
construction  to  produce  diesels.) 

Small  Engines 

Clost  will  prevent  the  Wankel  from  competing  effi>ctlvely  against  single  cylinder 
engines  except  in  very  limited  premium  markets — lees  than  a  6%  penetration 
would  be  expected.  The  Wankel  looks  much  better  compared  with  multi-cylinder 
engines  used  in  recreational  vehicles  (Figure  18).  Recreational  vehicles  in<dude 
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snowmobile*,  motweTdas,  ATVs,  ontbosrd  motors,  eta  Tbe  Wankel  could  ro9Uce 
moro  tbaa  baU  of  these  piston  engistes  by  the  mid'elgbtles  In  this  apidlcntlon. 
De^dte  tile  greater  optimlmn,  there  is  also  greater  uncertainty  reflected  to  a  wider 
band  in  this  apfflloatlon  area. 

esogrspMo  OoMMsreNon 

Vieoe  projections  generally  represent  both  the  domestic  and  worldwide  pic¬ 
ture.  In  the  case  of  the  Wankd,  Japan  will  move  faster  and  Enn^  slower. 
Bunqiie  is  ahead  on  the  Stirling  with  Japan  last  The  U.6.  is  al^d  on  passenger 
car  turbines.  The  U.S.  is  also  ahead  on  heavy  dn^  turbines  with  Europe  next  and 
Japan  last.  Japan  Is  ahead  on  stratifled  charge  engines  and  Europe  apparently 
last 

XU.  8U1CUABT  Aim  OOHOCDBIORS 

Bedprocating  piston  engines  will  remain  dominant  well  into  tbe  l&SO’a  The 
Wankd  engine  will  recdve  increased  use  in  passmiger  cars,  po^bly  approaching 
a  25%  penetration  by  tbe  mld-ldSO’s,  but  probably  much  lees. 

Wankels  will  be  more  significant  fOr  small  engines,  esperiaiiy  compared  with 
multi-cylinder  engines  for  recreational  vehides,  perhaps  reaching  50%  of  this 
market  segment  but  they  will  not  signflicantly  penetrate  the  small  single  cylinder 
engine  market 

Wankels  will  not  be  significant  to  heavy-duty  engine  applications.  Turbine 
engines  have  greater  long  range  potmitial  to  both  cars  and  heavy  duty  applica¬ 
tions  and  the  Stirling  engine  probably  even  greater  potential. 

In  the  near  term,  the  stratified  charge  engine  looks  potentially  very  attractive 
offering  required  low  emission  performance  without  costl^  hang-on  controls  and 
r^resmitlng  relatively  minor  tooling  chviges. 

Vehicle  and  engine  manufacturers  cmittoue  to  aiproach  change  with  caution 
and  will  follow  conservative  introduction  and  commercialisation  strategies.  Econ¬ 
omics  will  continue  to  be  the  dominant  influencing  factor,  but  social  require¬ 
ments,  espedallly  fuel  consumption,  will  become  more  significant  in  influencing 
change  to  different  enjdnes. 

The  overall  conclusion,  therefore,  is  that  there  still  is  considerable  uncer¬ 
tainty  as  to  the  choice  and  rate  of  c<Mmuerclallsation  of  specific  engines,  but  no 
revolutions  ate  likdy  in  the  near  future. 

Mr.  RicHAJtpsON.  I  would  l&e  to  go  through  some  slides  from  this 
remit.  This  lists  the  more  significant  engine  selection  parameters 
(uide  p. 

I  believe  they  are  all  self-explanatory,  with  the  possible  exception 
of  “flexibility”.  And  by  that  we  mean  performance  flexibility  or 
torque  ^s{)eed  characteristics  which  affect  vehicle  driveability  and 
transmission  requirements. 

'Iheparam^is  on  the  right  ^  relatively  new  ones  and  on  the  left 
are  the  traditional  ones.  You  will  note  that  the  two  on  the  right  have 
been  labeled^  “social  requirements.”  Fuel  consumption  has  wso  been 
labelled  “social  requirement”  because  of  the  energy  crisis. 

The  real  world  is  even  more  complicated  and  includes  many  detailed 
requirements  too  numerous  to  list  on  a  slide. 

Mr.  Brown.  I  don’t  notice  that  you  list  safety.  I  guess  that  wouldn’t 
be  an  engine  parameter 

Mr.  Bichaiomion.  It  conceivably  could  be,  if  you  were  having  prob¬ 
lems.  But  this  tends  to  be  relative  to  what  we  know  aim  have 
experienced. 

Mr.  Brown.  A  number  of  witnesses  earlier  have  brought  up  safety 
factors,  but  I  guess  that  applies  more  to  the  vehicle  itself. 

Mr.  Richardson.  Right. 
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This  next  (i^da  eoauidean  tihe  r«latiT»  usiwttlknce  of  tiie 
three  socisl  re^nuenients  shown.  We  have  done  it  m  a  zero  to  10  scale 
which  is  obviofidj  a  very  subjective  wproach.  But  I  believe  it  does 
provide  some  he|pfal  pMsmottve.  It  shows  how  these  social  require¬ 
ments  chai^  leim  time.  lUs  chart  was  prepv^.  a  loxm  time  ago 
before  the  recent  ICdeast  crisis,  with  the  exception  of  the  March  1974 
column.  It  shows  only  a  e^ht  lessening  in  the  absolute  importance  of 
emisdon^  stum  ilMdeihe  in  the  importance  of  noise  aitd  a  very  gre^ 
increase  in  the  i|Da|^^;:i^ce  of  fuel  consumption,  becommg  half  again 
as  important  as  enuonons  before  the  end  of  this  decade. 

Relative  Importance  of  Selection  Parameter 

Passenger  Cars  Compared  with  4-Cycie 

Spark  Ignition  Piston  Engine 


Flexibility 
Smoothness 
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_ Cost 
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Slide  3 

This  dide  (dide  3)  shows  the  relative  importance  of  all  10  sdec- 
tion  parameters  for  passenger  car  applications.  They  faU  in  the  order 
dkown,  with  flexibiility,  smoothness,  and  emisdons  leading  the  list,  and 
maintenance^  fuel  comwmption,  and  durability  on  the  bottom. 

This  ranking  is  for  ^ly  1973  values.  The  arrows  on  the  left  show 
both  noise  and  fuel  cimsumption  rising  to  expected  1980  positions,  and 
perhaps  sooiwr. 

This  ranking  is  related  to  the  characteristics  of  today’s  piston 
enmne. 

Too  often  well-intenticmed  effort  focuses  only  on  one  or  a  few  of 
these  parametws.  The  result  is  an  engine  whiw  may  show  up  wdl 
in  the  prime  parameter  under  consideration  but  is  unacceptable  with 
regard  to  other  r^uired  parameters.  About  7  years  ago  much  interest 
arose  in  the  steam  or  Bankine  engine  as  a  readily  availdile,  satisfactory 
alternate  haviim  low  emisdons.  At  least  that  was  the  ccmclusion  of 
the  Commerce  Department  panel. 
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So  far  eonsiderabk  expenaa  and  effort  have  oonfirmed  the  low  raoia- 
»on  potential  but  has  snown  the  engine  wanting  in  other  dharacter- 
istics,  notably  fuel  oonsumptkn.  This  example  wows  how  a  leading 
contwder  beomnee  unattractiye  at  unaatisnctory  when  considering 
onN  two  parameters. 

Obviouslyj  consideration  of  10  or  mote  parameters  greatty  increases 
the  ocnhplobw  of  the  problem.  The  auto  compaam  must  make  and 
mar^  aproduci  which  will  find  ready  aoomtimoB  inthemarketplaiee. 
Failure  to  do  so  would  result  in  rmatiyely  qmch  businees  failure 
of  even  the  strongest  auto  company. 

No  Government  agency  or  any  company  outside  the  auto  industry, 
no  matter  how  noUe  th^  intent  or  competent  them  researdters,  hu 
this  nmrketplaoe  discijdine  wmrking  to  force  practical  compromise  and 
an  optimum  balance  of  competing  r^uirements. 

We  therefore  bdieve  the  anto  industry  throi^  the  discipline  of 
the  marketplace  and  the  efficiency  incentive  resuKing  from  t^  profit 
motive  in  our  free  enterorise  OTst^  can  better  and  more  quickly  place 
proper  'iraighting  on  all  of  these  many,  often  changing,  paninMiterB 
mvuved  in  the  selection  of  automotive  engines  and  merefore  reqtond 
qni(^r  and  m<»e  econmnically  with  the  Paired  product  We  fnraier 
believe  that  developmmit  of  automotive  propulsion  systems — snd  I 
mean  develoinnent  and  not  reseanh — ctmducted  outmde  the  auto  in¬ 
dustry  is  wasteful  of  ted^cdogioal  resources  because  of  a  lack  of. 
immediacy  to  the  prd>lems  and  disciidine  of  the  marketplace. 

The  Federal  Government  has  been  mpporting  development  of  the 
steam  engine  through  the  EPA’s  AAP^D  program  for  a  number  of 
years.  This  effort  has  produced  much  intereeting  data,  some  laboratory 
hardware  but  as  yet,  no  operating  steam  cars. 

During  the  same  period  of  time,  several  private  developers  have 
produced  a  number  of  steam  cars,  although  none  could  be  ctmsidered 
acceptable  or  competitive  to  the  internal  combustion  engine. 

Wherever  test  data  is  available,  it  has  indicated  the  relatively  poor 
fuel  economy  of  steam  cars — fuel  consumption  three  to  five  times  what 
it  should  be.  Despite  this  poor  fuel  economy  and  EPA’s  ezpannon 
of  their  role  to  consider  this  parameter,  steam  development  programs 
are  continuing  under  EPA  fnndiim. 

While  this  program  was  initially  supportable  on  the  bMis  of  low- 
emission  potential  alone,  the  recognition  of  an  impending  energy 
shortage  2  or  more  years  ago  and  the  dmonstrated  shortage  of  the 
past  few  months  should  have  been  more  than  ad^uate  reason  to  redi¬ 
rect  this  effort  to  work  on  high-efficiency,  low-emission  engines. 

While  there  are  some,  and  I  have  been  among  them,  who  argue  that 
the  steam  engine  j.as  the  potential  of  equaling  or  exceeding  the  ef¬ 
ficiency  of  a  low-emission  internal  combustion  engine,  there  are,  how¬ 
ever,  other  engines  which  have  both  low  emissions  and  much  higher 
efficiency  potential  and  appear  to  be  equal  to  or  b^ter  than  the  steam 
engine  in  all  xmrameters. 

The  mark^place  discipline  of  industry  long  ago  shifted  the  re¬ 
sources  applira  to  the  steam  engine  to  more  potentially  fruitful 
projects.  It  appears  that  Government-sponsored  development  cannot 
so  effectively  respond  to  a  changing  marketplace  or  ch^ging  needs. 
It  is,  therefore,  questionable  whether  an  expanded  Fe^ral  automobile 
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CDgine  development  role  would  be  supadficantly  more  beneficial  or 
would  only  ocmipotiiid  themisdirected  effort. 

Aj^lying  development  resonroee  to  organicat^ns  witboat  the 
ridlity  to  enloit  tbe  develofmiait  is  ineffiment,  wasteful,  and  resnlts 
in  ne^ess  oaplicatimi.  It  introduces  or  increases  technology  traitsfer 
problems  andoonsequently  increases  lead  times. 

I  bdieve  a  fuUer  understanding  of  automobile  product  develop- 
mmit  leadtbnes  could  be  belpful.  I  bave  a  series  of  c^rts  wbich  Ulus- 
trate  leadtimes  and  how  Ghivenunent  input  impacts  on  the  product 
These  dhsrts  have  been  sjmthesized  from  various  auto  industry  sources 
and  are  consistent  with  our  experience  as  a  supplier. 

I  most  apologize  for  the  quality  of  them.  I  think  this  illustrates 
the  problem  I  ^  talking  about  Our  artist  who  would  normally  do 
them  has  been  sick  thepast  week.  We  sent  thmn  outside,  and  there  were 
a  number  of  goofe.  They  are  so  bad  you  can’t  read  them.  There  is  a 
printed  copy  attached  to  the  statnnent. 

Bff.  I^WN.  I  am  looking  at  the  printed  copy. 

Mr.  RtCHABDSON.  This  uide  (sude  4)  diows  a  simple  version — the 
leadt^e  for  an  all-new  model  passenger  car  for  <me  car  line  utilizing 
existing  technology.  Time  zero,  or  the  horizontal  line,  is  taken  from 
the  start  of  the  new  model  progi^.  The  leadtime  to  the  first  sale  is 
3%  years.  Below  the  horizontal  line  is  diown  the  continuing  research 
and  deyelojtment  activity  which  has  led  to  the  tec^ology  available 
for  use  in  this  and  previous  models. 

us  now  add  on  the  right  the  leadtime  for  a  new  conventional 
engine  (slide  6) ;  that  is,  an  internal  combustion  engine  based  on  exist¬ 
ing  technology  biU;  larger  or  smaller  in  size  and  with  minor  design 
refinements  requiring  new  tooling.  It  shows  the  engine  completed 
just  m  tune  f  w  installation  in  the  new  car. 
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Now  let  us  add  Govenuuent  regulatory  activities  on  the  left  which 
impact  on  the  product  (slide  6).  We  have  tried  to  show  their  approxi- 
mi^  timing  in  the  new  model  development  cycle. 

Not  shown,  but  of  perhaps  more  concern  to  the  subamunittee,  are 
impacts  of  jHtmoeed  or  actual  safety  and  emission  rtandards  several 
years  bs(^  m  the  R.  ft  D.  effort  The  importance  of  this  will  become 
more  apparent  in  the  following  charts. 
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This  next  slide  (slide  7)  shoi^  the  edition  of  approximately  1  year 
to  the  cycle  for  incorwfeatMMi  of  a  new  conTentional  en^e  with  a 
major  modification  sium  as  a  new  cylinder  head  for  a  stratified  charge 
flwgiiiA.  These  times  shown  assume  the  technical  feasibility  first  being 
demonstrated  in  a  research  project  at  the  auto  company.  It  should  be 
kept  in  mind  that  these  cha^  are  based  on  one  car  line  or  engine  Ime. 
If  the  industry  tried  to  convert  aJA  its  cars  at  the  same  time,  tooling 
leadtimes  wouM  increase  substantially. 

LtAOTMt  ANALVMft 
laXX  MODEL  PASS  CAS 
WITH  COMVSMTIOMAL  SMSMIt 
REQUISMO  MAJOR  DESIGN 
ft  DEVELOPMENT 
•.fl.  NEW  CVL  HEAD  DMION 
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Oar  next  slide  (slide  8)  shows  a  very  great  increase  in  leadtime  iq> 
to  about  12  years  increase  or  a  total  of  15^  7^^  ^  introduce  a  totally 
new  engine  such  as  a  turbine  ensine  or  a  Stirling  engine  based  upon  a 
new  tedinology  and  new  maaozaccuriiig  processes  and  techniques. 

LEAOTMMK  ANALYSIS 
ItXX  MOOri  PASS  CAS 
ADVANCED  PSOSULSION  SYSTEM 
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Let  118  loc^  at  the  same  idiari— alide  8—but  ahrank  ao  that  the  addi- 
tunal  lOtoUyeaareqiiuedtoeonqdetalyconiwrttibewlKdemdasIxy 

Lf  AOTMflC  ANALYSIS 
COMPLETE  INOUSTSY  CONVERSION 
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venioii  of  new  prodactaen  is  abeat  S5  yean  minimam,  if  saooeeriol — 
I  slide  10. 
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FhiAlly,  ve  aliaw  tbe  additiaiuU  minimum  time  during  wliich  s 
nifieant  quaatiify  ef  these  en^neu  would  be  in  service  if  production 
shonldosi^aa  soon  ss  eonvonaiim  of  production  equiinnent  luid  been 
coBa|dslod-«  totsl  ^mn  of  sbont  35  vearo  or  longer. 

CKnrioody,  from  an  econmnic  standpoint,  this  time  would  be  much 
longer.  The  chart  does,  however,  indicate  that  decisions  made  by  one 
generation  are  likely  to  havo  a  agnificant  unpoct  cm  the  following 
generation. 

At  this  point  I  would  like  to  call  the  sdboonunittee’s  attention  to  a 
paper,  “1970*8  Development  ot'SlBk  Cfentury  Mobile-Dispersed  Power,” 
presented  last  August  by  our  director  of  research,  Dr.  Lamont  Eltin^, 
to  tiae  Society  of  Automotive  Engineers,  You  have  a  copy  and  I  womd 
like  to  have  it  in  the  record. 

Mr.  Bbown.  T^thout  objection. 

1970%  Davaumtasr  or  Zler  OteiTuat  Mobilb-Disfis8b>  Powm— A  Chaujwoc 
BBQtnBiHO  New  1%cheicai.  Solutions  and  STSTBits-UANAOEifENT 

(By  Lamont  BStlnge,  Director  of  Beaearch  Baton  Corporation,  Southfield, 

Michigan  4S076) 

ABSTBAOT 

A  mobile  and  dlqiened  power  system  Is  necessary  for  an  advanoed  techno- 
lodcal-lndiutrial  human  eodety.  Today's  is  based  on  petnfienm  and  discharges 
waste  products  and  heat.  It  is  growing  exponentially.  Energy  resource  commtt- 
mant  htus  already  Intersected  “ultimate”  low-cost  petroleum  supplies  in  the  U.S. 
and  wta  do  so  tor  the  world  hettue  2000  A.D. ;  this  portends  major  changes  and 
cost  increases. 

(Rte  2l8t  Century  f^stem  for  moblle-dimiersed  power  will  reflect  the  oiergy 
source  selected  to  rm>lace  petrcfienm — e.g.,  coal,  solar  Insolation  or  nranlnm.  It 
will  IncMporate  a  fuel  intermediate  such  as  methanol,  ammonia  or  bydrogmi, 
and  a  suitably  matched  “engine”. 

nw  conqfiete  change  will  require  26+  years  because  of  the  magnttude,  frag- 
mentati(Hi,  structural  gaps,  conq>iexity  and  variety  of  the  mobile-dispersed  power 
system.  Consequently,  sutMtandal,  sustained,  interacting  and  coordinated  plan¬ 
ning  reeearch  and  advanced  development  must  he  started  now  and  completed 
doiuis  the  tSflVn.  A  “system  dynatmcs”  model  of  the  resonree-fnel-englne-nse 
conqriex,  and  a  “mixed-economy”  Energy  and  Ecology  Cybernetics  Corporatimi 
sbonld  be  iategral  parts.of  the  eSecdve  management  of  the  unprecedented  devel¬ 
opment  of  aoctety’s  Zlst  Coitnry  mtfifile-dlspersed  power  system. 

INTUODUCOTON 

l^umessing  of  mechanical  miergy  has  been  and  will  continue  to  be  crucial  to 
mankind’s  progress.  To  date,  we  have  avoided  Malthus’  dismal  prophecy — regrea- 
8l<m  to  the  starvatitm  level  as  papulation  increases — throng  ever  more  effective 
use  of  intelUgence,  industrlaUi..tlon,  and  mechanical  energy.  Without  a  substitute 
for  his  own  muscle  power,  man  can  devote  little  of  bis  time  and  energy  to  higher 
pursuits.  There  has  been  a  general  pr<^rtlonaUty  between  energy  consumption 
and  <»ganlsed  eccmomic  activity,  as  shown  in  Flimres  1  and  2;  and  both  have 
been  growing  exponentially. 

Cklls  on  the  same  finite  and  irreplaceable  foel  and  environmental  resources 
csnoot  expand  exponentially  forever.  An  impending  change  Is  foreshadowed  by 
the  fuel  shortages  In  the  U.S.  which  have  Impacted  moderately  np<m  comfort, 
convenimice,  activity,  and  costs.  (1-3)*  The  smog  In  Iios  Angeles  and  Tokyo  and 
the  OO  levels  In  Chicago  and  Europe  evidmce  environmental  impact  These  are 
sertons  to  the  individuals  affected  and  subject  to  various  Interpretattons.  (4-10) 
Bul^  more  imiwrtant  to  mankind  as  a  whole,  they  are  eorly  toominff  HgruiU  of ; 

(1)  Intersections  of  demand  and  supply,  and  of  industrialization  and  the  en- 
vivoiiment; 

(2)  Need  for  effective  management  of  a  major  ohaoge  in  our  technical-indus¬ 
trial  society. 
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The  "energy  crisis”  has  been  and  is  being  extensively  docnmoited,  discussed 
and  public!^  (11-31).  But,  most  attention  has  been  directed  to  the  overall 
energy  problem  and  electrical  power.  Little  has  been  addressed  to  mobile  and  dis¬ 
persed  poicer  evmi  though  it  is  by  far  the  most  dependent  on  the  scarcest  fuel 
tesouroe — petroleum. 

Mobile  and  dispersed  engines  provide  one-half  of  man’s  mechanical  energy  and 
consume  one-third  of  his  fuel.  The  present  complex,  varied  and  changing  system 
of  engines,  fuels  and  infrastructure  has  done  quite  a  Job.  It  is  embodied  in  trac¬ 
tors,  timbering  and  mining  equipment,  trains,  barges,  ships,  trucks  and  automo¬ 
biles,  motorcycles,  snowmobiles,  chain  saws,  power  mowers,  outboard  motors, 
etc.  Through  use  of  such  mobile  and  dispersed  non-animal  power,  less  than  ten 
percent  of  the  U.8.  xtopulatlon  provides  the  food,  fiber  and  fuel,  and  extracts 
natural  resources  on  which  our  advanced  technolo^cal  society  provides  the  hip¬ 
est  standard  of  living  in  history.  With  transport,  which  is  based  on  mobile- 
dispersed  power,  we  tap  remote  resources,  practice  extensive  specialization  and 
obtain  the  aseo<^ted  high  productivity  and  experience  enrichment  from  recrea¬ 
tion,  travel  and  varied  social  contact.  We  may  not  be  applying  onr  energy  and 
environment  resources  to  mobile-dispersed  power  with  the  greatest  wisdom  and 
efficiency ;  but  mankind  would  be  worse  off  without  it. 

By  the  end  of  the  20th  Century — ^the  century  of  abundant  and  cheap  crude 
oil — ^the  cost  and  availability  of  petroleum  will  have  changed  so  much  that  some 
other  primary  energy  source  for  mobile-aspersed  power  will  probably  be  either 
required  or  much  more  attractive.  The  system  can  continue  in  a  non-optimum 
form  for  decades.  But  with  the  U.S.  atone  likely  to  spend  $100  billion  per  year 
for  fuels  for  mobile  and  dispersed  power  in  2000  A.D.,  even  1%  non-optimal 
opera  Joii  imposes  substantial  loss.  Complete  change-over  in  the  fuel-consuming 
equlpmeut.  population  and  the  plants  for  processing  energy  resources  into  fuels 
takes  longer  than  a  quarter  of  a  century,  and  the  earliest  parts  of  a  new  devel(q>- 
ment  ar«  the  lowest  expenditure-rate  phases.  Therefore,  good  stewardship 
requires  that  current  advanced-development  ngines  be  designed  for  2000-)-  A.D. 
energy  resources  and  fuels,  and  that  the  present  generation  identify  and  con¬ 
duct  advanced  development  the  2000  A.D.  system.  Lack  of  consideration  of  a 
different  fuel  situatioa  ir>  2000  A.D.  in  the  advanced  develu^mients  of  ’73-’76  in 
effect  constitutes  a  decision  that  petroleum-based  fuels  will  continue  to  pre¬ 
dominate  as  best  after  the  turn  of  the  century.  Although  there  are  a  few  excep¬ 
tions  (62),  this  is  currently  the  general  case  and  a  risl^  assumption. 

A  change  from  petroleum  and  gasoline  or  diesel  engines  would  be  of  unprece¬ 
dented  magnitude  and  complexity :  it  would  dwarf  railroad  dieselization  and  the 
shift  from  horses  and  wagons  to  automobiles  and  trucks.  The  TJ.8.  is  a  natural 
site  for  definition  and  solution  of  the  problem  because  it  predominates  in  the  use 
of  such  power,  has  world  leadership  responsibilities,  is  concerned  about  the  inter¬ 
national  monetary  and  power  implications,  and  has  the  industrial/technical 
capability ;  but  also  will  have  the  greatest  crude  oil  deficit.  The  major  suppliers 
for  a  2000-)-  A.D.  energy  resource-fuel-engine  system  must  Interact  on  this  chal¬ 
lenge  intensely  and  Imaginatively  to  come  up  with  a  good  answer.  They  have  not 
done  so  to  date. 

The  initial  steps  in  progress  toward  meeting  the  energy /environment  require¬ 
ments  for  mobile-dispersed  power  after  2000  A.D.  as  a  major  and  crucial  part 
of  the  total  energy  picture,  should  be  based  upon  : 

(1)  Recognition  and  understanding  of  the  problem — its  origins  and  the  likely 
time  scales  and  magnitude  of  responses ; 

(2)  Summarization  and  evaluation  of  the  possible  technical  responses ;  and 

(3)  Consideration  of  the  entire  resource-fuel-engine-use-lnfrastructure  system 
and  a  suitable  way  to  manape  the  unprecedentedly  rapid  and  large  changes. 


Commercial  Energy  Consumption 
(millions  of  B.T.U./capita) 
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Fiem l.—Selatlon between Bnernr and  GNP,  1961.  (Source Bef.  57.) 
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nie  need  tor  Hfrfiiring  the  3000  A.D.  reeonzce'fnel-engine  sjetem,  eelecting  the 
conc^rtn,  developing  the  hardware,  and  evolving  the  management  system  during 
the  odd  loro's  results  from  the  lntm«cti<Hi  of : 

(1)  WrpnnenHiii  growth  in  use  of  m0blle-dl8i>er8ed  power 

(2)  The  finite  ai^  approaching  limit  on  cntde  oil  resonrces  and  the  rising  cost 
of  finding  and  ^sdccing  them 

(8)  nie  convexity  and  variety  of  the  prodncer-user  system  and  its  separated 
struoture,  and 

(4)  The  Umg  delay  between  proUem  recognliton  and  full  implementation  of 
any  new  tef^ologlcal  system  of  such  complexity,  variety  and  magnitude. 

(Demand  for  use  of  fo^  has  been  growing  exponentially  at  8%  to  59i  per  year 
(80, 82,  34, 36,  40,  5S,  S7,  64-70)  as  shown  in  Signres  8  and  4  and  Table  I,  and  is 
project^  to  continue  to  grow  exponentially.  As  a  consequence  of  such  exponential 
growth: 

(1)  Z7se  rate  and  accumulated  utage  double  every  fifteen  to  twenty'five  years. 

.(2)  Half  of  the  fuel  that  manhind  has  ever  burned  has  been  burned  since 
Sputnik  was  launched. 

)(S)  Before  a  baby  bom  today  is  old  enough  to  drive  an  automobile,  mankind 
will  use  rong^  as  much  fuel  as  has  been  used  from  the  dawn  of  industrial 
history. 

•If  the  world’s  use  of  energy  rose  to  equal  the  U.S.  1970  per  capita  consumption 
hgiOOO,  it  would  Increase  10%  a  year  even  if  population  did  not  increase,  fitop' 
ping  the  advance  in  standards  of  living  and  enersy  consumption  would  confilct 
with  rising  expectations  and  a^irations  for  equaUty  and  cause  social  and  inter* 
nati(mal  confilct.  So,  a  continued  growth  in  demand  for  energy  consumption  is 
to  be  expected  even  though  rising  cost  will  dampen  demand  growth. 

The  underlying  constraint  on  our  use  of  petroleum  is  the  finite  amount  of  fuel 
resource  accessible  in  the  earth's  crust.  Man  has  found  and  tapped  the  easiest  and 
cheapest  sources. 
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FioUBB  3. — Complete  Cycle  of  Production  of  Petroleum  liquids  in  the  United 
States  and  Adjacent  Continental  Shelves,  Exclusive  of  Alaska.  (Source 
Bet  80.) 
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Flams  4. — CkMnplete  Cycles  of  World  Crude-OU  Production  for  Two  Values  of  Q. 

(Source  Bef.  30.) 

The  UJS.  has  been  the  greatest  user  of  fuel  resources  and,  therefore,  is  closer 
to  the  ultiniate  limit  than  the  world  as  a  whole,  as  shown  in  Table  II.  Projections 
of  crude  oil  production  in  the  United  states  from  the  National  Academy  of 
Sdmices  Study  ‘‘Beeources  and  Man”  (30)  suggest  that  the  U.S.  has  already 
passed  the  peak  and  mid-point  in  production  of  crude  and  that  the  world  crude 
production  som  will  fall  short  of  demand.  Crude  flndlng/recoyery  can  be  accel¬ 
erated  by  more  intense  exploration  and  development,  but  at  substantially  in¬ 
creased  cost  (70) — an  expression  of  the  underlying  resource-limitation  eco¬ 
nomics  that  wiU,  in  time,  force  mankind  to  build  its  m(d>ile  and  dispersed  power 
system  upon  another  resource  base.  This  coarse  is  being  recommended  and  is 
Ukely  to  be  followed  to  some  extent ;  however,  it  is  only  a  stopgap.  While  there 
is  some  range  in  tee  estimates  of  ultimate  crude  oil  production,  a  limit  will  be 
seen  about  tee  turn  of  tee  century  and  with  exponential  growth  in  demand,  even 
doidillng  of  tee  ultimate  recovery  would  only  d^y  a  change  two  decades. 

The  engine-futi-user  system  Is  both  large  and  varied.  'Annual  expenditures  for 
fuels  and  engines  are  roughly  350  billion  or  6%  of  ONP.  In  the  U.S.  alone,  auto¬ 
mobile  manufacturers  In  ’73  make  45  different  standard  gasoline  engines  and 
as  many  more  optional  ones,  according  to  “Automotive  Industries”  (71).  Over 
400  different  gasifline  and  diesel  engines  are  manufactured  for  trucks,  buses, 
tractors  and  Industrial  equipment.  Over  150  different  small  gasoline  engines  are 
manufactured.  'Fuels  for  teese  engines  are  refined  In  over  100  refineries.  The  fuels 
and  en^nes  are  distributed  through  over  600,000  retail  outlets,  most  of  them 
Independent  busineeses.  Ihey  are  used  by  over  100,000,000  independent  entitles. 
The  interaction  of  the  many  separate  companies  and  industries  is  limited  by  law 
and  custom ;  therefore,  development  of  overall  leadership  and  direction  for  the 
enttre  system  is  limited. 


TABLE  lA 

ENSROY  USB  OROirm  RATES 


Rclarane* 


W.S. 

^ — • — » 

Rata 

%Afr. 

ConMnaiila 

Reference 

Total, 

1970-2000 

32 

also  4.35  decreasing  to 

3.5  and  projections 
to  2250  equilibrium 

119 

1970-2000 

3.6 

scaled  from  chart 

58  pg  258 

1090-10TO 

5.1 

30  Fig.  8.22 

1960-2020 

3.0 

91 

Traosport 

1960-1970 

4.2 

automotive  gasoline 

120 

WotM 

Total 

1955-1960 

3-4 

70 

1960-1965 

4A 

70 

1965-1970 

5.9 

70 

1975-1990 

5.5 

estimated 

70 

table  IB 

ANNUAL  USE  RATES  OF  ENERGY  AND  FUEL 

u-a- 

Reference 

Petroleum 

.  5,4  Billion  bbl/yr.  (1970)  -  Use 

56 

3.1  Billion  bbl/yr.  (1970) -Production 

120 

Coal 

0.519  Billion  lons/yr.  (1970) 

58 

Total 

202*10'‘l(Wh/Vr.=7x10«BTU/yr.  (1970) 

119 

7x10'*BTU/yr. 

58 

6-7Kl0’*BTU/yr.  (1970) 

57 

WoM 

Petroleum 

14.5  Billion  bbt/yr.  (1970  Free  world) 

70 

Coat 

2  Billion  tons/yr.  (1970) 

70 

Total 

18x10'‘BTU/yr.  (1970) 

70 

TAWlCUA 

KTMN^tMl  imOUfiCtt 


nil»t«n6i 

U.S.  SQBHHonbMsAraMtf  i«Mnm  120 

39  to  80  Billion  bbl*  provd  rMorvat  70 

324  Billion  bbM  ulf/niM*  pfoduetion  (40%  recovery  3S 

xSIO  Billion  bbis  oil-in-place.) 

113-200-270  Billion  bbii  eel.  ultimale  recovery  30 

52  Billion  bble  ktenlitiabie  and  recoverable  S3 

502  Billion  bble  racovefabte  66 

(r-ni  Billion  bbIs  recoMrabte- Alaska)  66 

(*'2860  Billion  bbis  submarginal)  66 

374  Billion  bbM  (inci.  North  Slope)  77 

WoiM  2,680  Billion  bble  ultimate  production 

(40%  recovery  of  6,700  Billion  bbis  possible, 
ultinmio  od-in'pfaea) 

570-1350-2100  Billion  bbis  est.  ultimate  recovery  30 

400  Billion  bbis  /teserves  in  1985  70 


U.8. 

TABLE  IIB 

OTHER  FUEL  RESOURCES 

Reference 

Coal 

220  to  4.0  Billion  tons  proved  reserves 

778  Billion  tons  remain  in  recoverable 

200  to  390  Billion  tons  identified  8 
recoverable  resources 

69 

77 

66.53 

(+2840  B  tons  additional  undiscovered  and 

66 

submarginal) 

1486  B  tons  minable  coal  and  lignite 

30  QFig  8  24 

Shale 

200  B  bUs  recoverable  from  Green  River 
formation 

160-600  B  bbis 

56  pg  107 

53 

Tar  Sands 

200  lo  300  B  bbis  recoverable  oH 

58pg  107 

WwM 

Coal 

7,640  B  tons  minable  coal  and  lignite 

30  Fig  8.24 

The  cnmnt  ■jatam  Is  Ui^  dartf o|>ed,  teduudogtcally  and  atrac- 

tnmUy.  aa  irril  aa  hnga  and  aaiM.  ▲  wplacemont  or  cbange  moat  approach  the 
aaaae  lard  of  dBeaae  and  alia  taaaw  adagaadaiy.  Such  dev^oiMnent  takes  a  iMig 
time.  How  lone  can  he  projected  from  nperteaoe  with  tmaUer  changes  in  ooa- 
oaaHaaal  enginee — tim  shift  to  OBV  wiglnea  or  low  mnission  enidnes.  The 
steps  of  change  in  the  system  can  be  riewed  as  those  shown  in  Table  III. 


TABLE  III 


Englm  SystMii  Craatlon 


8t«p 

Years 

Need  or  Opportunity  Definition  & 
Decision  to  Develop 

1-2 

System  Concept  Creation  & 
Opportunity  Communication 

2-10 

Advanced  Development  of  Proto¬ 
type  Hardware  &  New  Technology 

3-12 

Product  Development,  Field  Test¬ 
ing  &  Release  of  Specific  Design 
&  Tooling  for  Initial  Commercial 
Production 

5-8 

Market  &  User  Experience  and 

Decision  to  Convert 

2-8 

Tooling  for  Entire  System 

Changeover 

8-12 

Production  of  Engines  to  Change 

1/2  the  Population 

4-7 

Total 

25-59  yrs, 

The  total  time  of  26  years  for  diangeorer  seona  long,  but,  experience  seems  to 
aabataiitiate  it.  Hw  Wankel  is  over  26  years  old,  ahnoet  died,  is  not  yet  a  sue 
thing  and  is  only  at  the  “Initial  prodnetioQ”  stage.  Antomotive  gas  turbines  and 
Stirling  enghies  hare  eren  l<mger  pre-introductiem  histories ;  they’re  not  yet  in 
cmumerdal  prodoctitm.  Addition  of  the  time  for  each  step  is  an  over-simpUilca- 
tlon;  dtShrent  phases  can  be  omerlapped.  IteratloaB  of  the  early  steps  and  addi¬ 
tional  coordinate  steps — e.g.,  creation  of  new  designs  and  mannfactnring  teeb- 
nhpws  for  mass  paodnctlon  of  oompticated  and  effeettre  compcoients  at  low  cost — 
take  more  time.  Some  aooderatioo  can  be  effected  at  greater  risk  or  throntdi 
paralM  efforts,  nils  is  most  oost-effectlTe  in  the  early  phases.  It’s  very  risky 
and  ezpenslTe,  if  not  impossible,  to  duplicate  the  major  tooling  phases;  they 

mustberl|d>t. 


m 


The  rcsoiine-to-fiid  proecMlnc  pMt  of  the  sjatem  hu  aimllar  atepa,  rlaka  and 
lead  tlmea.  Fad  prooeaa  naearch  and  derdcvment  take  aa  k>nc  aa  ena^  B  &  D. 
It  takea  8+  yean  to  deatgn  and  Imild  om  OMetmMtmal  leOneiy ;  devdoidng  a  new 
proceoB  taTotrea  iteka  and  takea  ttme.  TIiae*a  a  Unite  limit  on  proceea  eqnipnent 
c«»atnictl<m  capacity  and  the  nte  at  whkdi  new  proceaaing  can  be  bson^t  on 
atream.  Only  (he  time  to  diance  (me-half  the  fnd  In  the  field  la  appreciably 
abortw. 

Devdopment  at  a  oomMmei  tndrencine  ayatem  will  require  interaction  and, 
therefree,  take  Imiger  than  deTdopmoat  of  dthre  a  new  mgine  or  a  new  ftieL 
Bztendye  tnteractiim  and  coordination  at  the  eariy  phaaee  la  neceeaary  to  mlnl- 
miie  aerlona  Iona  of  time,  effort  and  noonraea.  All  new  engtitea  hare  been  derdoped 
on  conventional  fada,  dthoo^  the  laa  turbine  and  Stirling  ooglnee  hare  been 
demonatrated  on  othera;  none  koee  been  developed  apeeiftoMy  to  provide  an  op¬ 
timal  tpatem  with  a  fuel  from  an  alternate  retonroe. 

The  need  to  atart  intenoe  devdopmoit  (ff  the  3000+  A.D.  ayatem  in  the  mid- 
IdTffa  ia  Ulnstiated  by  aome  ovemimplificationa.  For  thia  porpoee,  the  dday  to 
eflbctive  conneniiim  of  prodoetlon  <ff  new  englniM  to  a  new  fnd-engine  ayatem 
may  be  taken  aa  fiOyeara ;  over  the  aabaeqnent  IS  yean,  tlm  popolatlon  of  engines 
and  use  of  fad  (he  old  type  may  be  taken  to  decreaae  linearly  to  aero.  Even  if 
addltiona  to  the  U.8.  engine  popnlation  were  non-petroleom  consmnem  atartlng  in 
’74  (neglecting  the  delay  to  aabatanttal  introdnctlon),  all  the  ultimate  expected 
tntnre  petrdeom  prodoctloe  in  the  ‘lower  48  states”  would  fall  to  meet  the 
demand,  as  shown  In  Figure  S;  some  engnles  would  be  fnelless  before  being 
actaigted.  An  of  the  enginea  going  into  aervioe  between  now  and  199S,  the  earliest 
date  at  mean-effective  changeover  to  a  new  fnd-englne  system,  muat  in  effect  oper¬ 
ate  on  imported  or  auMUute  petroleum ;  use  at  Imported  crude  has  started  to  rise 
ahaririy.  For  the  world,  petrdeum  wtti  serve  a  little  longer,  aa  shown  in  Figure  6. 
Yet,  estimated  alKsMte  world  crude  production  will  be  required  to  fuel  engines 
built  before  2000  A.D.  And  for  the  world,  there’s  no  effective  way  to  import  crude 
frmn  another  sonree.  Thna,  advamoed  development  and  introduction  of  a  new 
ayatem  ia  required  much  earlier  than  anticipated  and  ahould  atari  very  aoon. 
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FieusB  6. — Oomi^ete  Cycles  of  ProdiMtlon  of  Petroleonu  Llqinds  in  tbe  United 
States  and  Ad]ac«it  Continental  StaelTes,  Eteclnsive  of  Alaska.  (Source  Bef.  30.) 
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Framys  a— Oomplete  Qrcles  ot  World  CradfrOU  Production  for  Two  Values  of  Q. 

(Source  Bef.  90.) 

Tcoairaoai.  nBrcmsw 

Ortterta 

fTbe  criteria  for  selectloa  of  the  best  poesiUe  2000+  AJ>.  resonrce-fnel-engine* 
use  system  are; 

(1)  It  does  the  spectrum  oC  Jobs  mankind  will  require  of  moUle-dispersed 
powers  in  2000  A.D.  to  2000  A.D. 

(2)  It  will  be  suitable  for  00  years ;  it  is  likely  to  be  amenable  to  refinement, 
derelivinmit  and  adjnstmmit  to  changing  requirmneots ;  it  has  reasonaMe  orerall 
energy  efficiency  and  won’t  cmsumo  the  antilahle  low-cost  fhel  resources  and 
make  the  systm  econoodcaUy  unattsactlTe  in  less  than  50  years. 

(3)  The  necessary  “commerdal”  technology  and  materials  can  be  developed 

In  tima  ' 

(4)  It  is  within  resootce  oonstcalnts — ^physical,  human  and  capital. 

(5)  It  has  the  lowest  total  cost— 4.e.,  resource  and  effort  requirement — or, 
conversdy,  theopdmum  total  value. 

(0)  It  allows  a  reasotmUy  smooth  transition  from  the  petroleum-based  gasoline 
engine  system. 

(7)  It  has  acceptable  envlitmmental  impacts  and  aafbty;  it  is  not  rendered  nn- 
snltaMe  by  non-obvions  side  effects  on  society  and  the  ear& 

Timely  development  of  necessary  technt^ogy  both  imposes  nrgmicy  and  excludes 
alternatives.  It  requires  that  the  underlying  science  and  nrstem  concepts  must 
either  be  in  hand  or  developed  in  the  next  several  years.  It  excludes  some  very 
intriguing  poaslUiitles  sndi  as  the  cmiverslon  oC  beat  to  energy  in  aiqMrent  viola¬ 
tion  of  the  second  law  (72),  exploitation  of  the  forces  of  magnetism  or  the  use 
of  molecular  sieves  in  mi^es.  While  suth  inquiry  should  be  encouraged  and 
followed  with  interest,  it  cannot  be  regarded  as  wril  enough  developed  to  warrant 
sriecrion  as  a  basis  for  the  2000+  A.D.  m(4>lle  and  dispersed  power  system. 

J*otHMUUe» 

The  2000+  A.D.  resource-fnel-englne-nse  system  will  consist  of  selected  ele¬ 
ments  from  the  alternatives  outlined  in  Table  IV.  For  every  Clergy  resource,  there 
is  a  best  fuel  intermediate  and  engine  combination;  so  the  ael^on  depends  on 


432 


tbe  total  ayston  optimiaatlon.  Today,  and  probaUy  in  2000  A.D.,  fuel  cost  doml- 
natea  total  cost ;  for  each  dollar  spent  for  an  engine,  three  to  six  dotlars  are  ^pent 
to  fuel  it  before  It  stops  operating.  Tet  the  engine  detign  determines  the  tolerable 
or  required  fuel  diaracterlstlcs  and  cannot  be  changed  on  a  large  scale  after 
manufacture. 


TABLE  IV 

ElMMntt  of  2000  A.D.+ 
MobN«<Oisp«f*td  Pouwr  Syatani 

Enwwf  SoufCM 

Oil,  Tar,  Shale 
Coal 

Solar  Energy 

Agricultural  or  Metropolitan  “Wastes" 

Other  (possibly  longer  range) 

—  Nuclear  Energy 

—  Geothermal  Energy 

Intermediate  Transportable  Fuel 

Gasoline 

Distillate 

Ammonia  —  from  atomic  electricity  (74,  75) 
Methanol  —  from  Chf* 

—  from  coal 

—  from  sun  via  plants 
Methane  —  Cryogenic  or  Compressed 
Hydrogen  —  Cryogenic,  Compressed  or  Hydrides 

—  from  atomic  electricity 
Powdered  Coal 

Other 


Energy  Conversion  Devices 

Internal  Combustion  Engines  —  Present  Form 

with  Refinements 

Internal  Combustion  Engine  —  Substantially 

Modified  Form 

Diesel  Engine 

Regenerative  Internal  Combustion  Engine 
Gas  Turbine 

—  Open  Cycle 

—  Closed  Cycle 
Stirling  Engine 
Rankine  Engine 

Fpei  Ceil  Plus  Bectric  Motor 
Battery  Plus  Electric  Motor 
Other 


RaeuNs 

Sfiaft  Power 

Ultimate  Use  of  Applied  Power 
Environmental  Impact 
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‘Move  oU  can  be  fonnd  or  recovered  but  at  aubetanttaUy  blgber  iwicea  (Si,  3S, 
70,  78).  Lfaiald  hTdrocaiboiui  can  be  <4italned  from  tar  aands  or  abale,  tmt  at 
btfljimr  iHrteea  and  in  Uiaited  amotmta.  For  extensive  ameonta  the  concentratlona 
are  relatively  low  and,  thereftwe,  the  cost  by  corrmitly  envisioned  methods  la 
rdattvMy  hifb. 

Coal  is  the  dominant  foaail  fuel  resonrce,  particularly  in  the  U.8.  Coal  gasiflca- 
tlon  and  liauefactitm  are  betnc  devrioped  (77-88).  In  situ  gasification  is  beting 
explored  and  should  be  promising  in  turns  of  both  cost  and  environmental  impact 
(87,  88) :  as  ttm  amount  of  such  proceaSbig  required  is  increased,  the  developi^t 
^Boit  to  create  each  new  technology  should  be  more  attracttve. 

'8<dar  energy  can  be  a  direct  source  of  power  throuifii  photoelectric  or  thermo¬ 
electric  ^lenomenon.  An  “energy  idantatton”  (88),  or  seccmdary  use  of  agri¬ 
cultural  and  metropolitan  “wastes”  could  make  solar  insolation  the  ^imary 
energy  resource  (8^^),  but  a  significant  Increase  in  the  apprmdmate 
deney  wtdi  which  plants  currently  fix  sdar  energy  is  required  (Ml). 

'Ni^ear  energy  (42,  92)  and  geothermal  miergy  (8S,  84)  are  sources  of  best 
that  can  aubsequently  be  used  either  to  generate  electricity,  which  can  be  used  for 
gwmratlng  ttarngtortafele  fuel,  or  through  non-electric  process  made  to  yield 
transpcsrtaUe  fueL 

A  readily  handlseble,  rdatlvMy  sale,  tranqiortable  form  of  enugy  is  required. 
While  other  forms  are  possible,  a  liquid  fits  that  requirement  most  clearly.  It 
could  be  conventional  gasoline  or  distillate;  however,  another  intermediate  conld 
better  optindse  ene^  MBdency  and  environmental  impact  For  Instance,  meth¬ 
anol  has  lower  flame  temperatnrea  and  boms  leaner  than  gasoline  and  might 
pecmlt  more  sociable  engine  (fetation.  It  appears  particnlarly  attractive  In  view 
of  some  current  work  on  methanol  synthesis,  estimates  of  prices  on  the  order  at 
4f /gallon  and  current  market  prices  as  low  as  12#/gallon  (86-102)  Ammonia 
can  be  made  solely  from  electrical  energy,  water  and  air  and  does  not  reqnlre 
a  source  of  carbon.  Methane  and  hydrogen  (lOS,  104)  are  oth»  poesible  fnds  but 
have  mote  demanding  handling  reqidrmnents. 

Modifications  of  the  internal  combustion  engine,  perhaps  with  regenerati<m, 
operating  on  a  fn^  such  as  methancd  could  meet  requirements  for  eflidmicy  and 
soeUlablllty.  In  addition,  they  conld  offer  the  easiest  transition  from  our  current 
system. 

SUhdent  use  is  important.  Ihis  can  result  from  improvmnmits  In  the  way  the 
land  is  plowed,  resources  are  mined,  or  people  and  things  are  located  and  moved. 
Car-po<ding  and  mass  trandt  Improve  energy  use  and  efficiency.  Limitations  on 
maximum  vehicle  speeds  and  (UscreUtmary  recreational  uses,  such  as  snow- 
moUilng  and  water  skUng,  are  also  possibla 

It  is  likely  that  2000  A.D.  will  see  some  combination  of  these  respanses  ratiier 
than  one.  However,  <nie  is  likely  to  dominate  and  current  attention  should  be 
focused  on  it 

SohedKie  of  Saiaaquent  Btept 

A  number  of  alternative  systems  consisting  of  combinations  of  elements  are 
possible  responses.  They  need  to  be ;  Identified ;  sketihed  and  defined ;  evaluated 
and  the  few  moet  attractive  selected,*  tentative  sdidnles  and  “maps”  for  th^r 
developmmit  woriced  out 

The  maps  should,  while  general,  cover  the  oitire  process  of  problem  definition, 
system  concept  creation,  alternative  identification,  advanced  development  of  pro¬ 
totype,  snccesstul  operation,  product  development,  market  proving,  to(ding  and 
P(qi>ulatt<«  changeover.  Much  effort  must  be  addressed  to  Improving  effidmicy, 
reducing  cost  and  improving  reliability.  A  milestone  in  time  for  the  achievement 
of  each  critical  step  needs  to  be  determined  and  parallel-path  affi»ou<hes  for 
some  of  the  more  cmdal  and  difficult  elemmits  established.  The  plan  ought  to 
reflect  both  the  optimism  of  “r^nscm  and  the  Intentional  critique  of  “devil’s 
advocates”.  Although  it  is  impotable  to  protect  a  development  i»ogram  predsdy, 
the  path  to  be  followed  can  be  envisioned  reasonably  wdl  and  failure  to  approxi¬ 
mate  the  targeted  progress  along  one  route  may  wdl  indicate  necessity  to  emiha- 
slie  another. 

MAHAmilCRT  ov  OBAROK  TO  TBX  3e00-n.US  AJ>.  MOBUMUPEBSKD  FOWBl  STSmc 

Ihe  shift  to  the  200(H-  A.D.  system  constttutai  a  new  kind  of  challenge  for 
mankind — the  effective  quUanee  and  numoffement  of  ekanoe  of  targe  dgnamte 
egetemt  with  long  characterise  times,  to  achieve  goals  acceptable  to  a  s^^ 
of  individnals,  both  u  individuals  and  as  a  whole.  It  will  be  the  largest  such 
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chanife  and  proceed  at  tiie  faataat  rate  tn  Baanktaid’a  Ustory.  Other  aiiiiilar  eye- 
tem•Il^la))l^;ement  (noUems  can  bolld  <m  the  expert«ice  gained  in  earing  this  one ; 
erldenee  cf  progreeaon  thla  exaoqde  aheuld  Inereaae  die  ciediMlUy  of  the  “eetab- 
UahnMtt”  and  Incieaae  the  ataMIi^  of  aodety.  <106) 

Miuiafteinent  of  the  2000+  A.D.  mobile-dl^rsed  power  ayatem  rntmt  accmnmo- 
date  tire  tecta  ti^t : 

(1)  Qie  tdggeat  ayatem  and  blggeat  change  that  mankind  haa  eter  aperi¬ 
ent;  It  haagrer*  Inertia  and  long  lead  tinea. 

(2)  Management  la  polycentrlc;  the  ayatem  la  fragmented  into  rariona  fuel 
aupply  entitiee  and  letettwy  mitltiee,  eadi  with  different  reqnimnenta.  niey 
hare  been  kept  at  'term’B  length”  by  law  and  tradition. 

(5)  Hie  miTirouinent  and  potatlally  applicable  tetiinology  are  continnally 

(4)  <3ominercial  motiratton  ia  limited  beeanae  time  to  commerclalteatlon  la  ao 
long  that  patenta  are  Tlttoally  worthleaa  and  proprietary  technology  dlffuaea  or 
decaya. 

(0)  Hie  “free  market”  or  “fntnree  market”  ayatem  of  eralnatlon  and  alloca¬ 
tion  of  reaonrcee  haa  not  been  extended  to  effectively  motivate,  direct  and  coor¬ 
dinate  developmenta  with  2S-year  lead  timea. 

(6)  The  aitnation  and  prmniae  are  not  appreciated  by  the  general  public  and, 
therdtore,  of  political  donaeQneiice;  this  moat  be  changed  thronid>  extenalve  and 
effective  commnnlcatton : 

Of  the  nature  of  the  ayatmn  and  underlying  prlnciidea  and  conatrainta ;  of  real- 
iatlc  alfemattvea  for  ultimate  accommodation  to  a  “value”  ayaton  cmnmonly 
acceptable  to  the  public ;  of  “a  noHe  logical  diagram  (which)  once  recorded  will 
be  a  Bvlng  thing  aaaerting  Ita^  with  ever-growing  inaiatency”.  (Danlti  H.  Bum- 
ham— UI0.) 

(7)  2000  A.D.  la  ao  ter  In  the  future  that  it  ia  dlfflcult  to  envUdon  and  today’s 
pelltlcA  and  Induatrial  leaders  will  have  dlaappeared  frtun  the  scene  b^re  c<hi- 
crete  results  are  widely  recognised — therefMe,  a  new  dimension  of  indnstrial- 
soclal-pollttcal  leadertiUp  and  atewardship  is  required. 

(8)  Space  and  constmction  management  experience,  expressed  in  PEBT  charts, 
etc.,  can  be  adapted  to  the  dlaperaed  and  polycentric  control  of  the  moblle-dla- 
peraed  power  system. 

(9)  Existing  societal  dements  whidb  have  produced  our  current  high  level  of 
lec^ical/lndustrlal  developiiient  must  be  used  because  there  isn’t  time  to  create 
a  new  world  teom  scratch. 

( 10)  Organiaation,  motivation  and  funding  are  required. 

Awakening  recognition  to  the  need  to  respond  to  the  energy  crisis  is  evidenced 
in  legialation  introduced  by  Senators  Magnusm  and  Jackami  and  Otmgreesman 
Wayman  (126).  It  needs  to  give  proper  emphasis  to  mobile-dispersed  power  and 
the  recognition  of  technological/indaatrial  impact  that  lead  to  creation  of  Con¬ 
gress’  Office  of  Technology  Assessment  (106-107). 

“■irowT-ccxmoeT  cTBSsinrncs  ooBraunoii” 

One  poesRde  metiianlsm  for  improving  present  guidance  or  management  of  the 
2000+  A.D.  mobile-dispersed  power  system  is  a  mixed  economy  corporation  like 
COMSAT  (Gmnmunlclitione  Satellite  Corporation) — an  ffnerpp  and  Booloffv 
Ol/lbeimetiog  CorporatkHt  (ETO*)  (108).  Its  role  would  intiude: 

(1 )  Evaluating,  snmmariidng  and  communicating  pertinent  information ; 

(2)  Facilitating  establishment  of  ccmcrete,  realistic  and  socially  accepted  goals 
and  a  “mkp”  of  the  sclentific-technlcal-industrial-coinmercial  development  mile¬ 
stones  and  timetables  that  must  be  passed  to  readi  them ; 

(3)  Motivating  effOrta  to  reatii  the  early  milestme ; 

(4>  Integrating,  expanding  and  improving  understanding  and  guidance  of  the 
entire  alystem  usia  a  suitable  model  of  it ; 

Its  tmittenee  wotid  bo  primarily  through  leadership  based  on  understanding  and 
exposition  of  the  system  and  goal,  rather  than  authoritarian  imposition  of 
"ontrol. 

The  future  U.S.  ‘*Social-IndnstriaI  Ckimplex”  has  been  described  as  a  “hybrid 
economy,  part  free  enterprise  and  part  govemmentally  controlled”  of  gre-'t  com¬ 
plexity,  interdependence  and  technology  (109).  President  Nixon  has  called  for 
effective  tetimwork,.  recogniting  that  "the  sheer  size  (and  lead-lag  time)  ot  some 
diit’elopBwhtal  projects  is  beyond  the  reach  of  private  firms.”  (110)  In  additimi, 
some  dacdiqimente  require  coordinated  indication  of  capability  residoit  in 
different’  private  firms.  Establishment  of  JPC?  would  be  compatible  with  such 
viewpoints. 


i 


436 


BfO*  most  liave  NapcnulUe  and  capable  Direoton  from  the  fndl  Indnatry,  the 
engine  indnatry,  labor,  naer  gronpe,  the  govemmmit,  the  academic  commiuil(7i  the 
public  at  large  and  appropriate  professional  sodettee.  It  should  attract  the  con- 
cmitrated  attentton  and  dforts  of  the  spectrum  of  capable  and  experienced  pro- 
feseionals,  who  must  cooperate  to  create  the  desired  better  system.  While  some 
of  the  poi^clpants  might  be  in  dispersed  locations,  a  nucleus  and  attention,  com¬ 
munication  and.co<g)eration  need  to  be  concmibrated. 

The  information  function  should  be  freely  accessible  and  professional  to  estab¬ 
lish  creditbllity.  Information  must  be  reviewed  and  summarized  with  a  skeptical 
and  open  mind  with  provision  for  minority  views  and  uevll’s  advocate  critique  of 
conclusions.  The  results  must  be  summarized  and  communicated  in  a  variety  of 
understandable  forms  so  that  the  variety  of  publics  will  understand  the  informa¬ 
tion,  accept  the  need  to  carry  out  substantial  work  and  support  the  necessary 
allocation  of  resources. 

Communication  forms  would  include  technical  society  papers  and  panels, 
legislative  testimony,  business  school  case  studies,  technical  and  management 
theses,  college  and  high  school  term  papers,  newspaper  and  magazine  articles, 
TV  shows,  games  to  teach  concepts  (“The  Elnergy  Crists”  and  “Delayed  Effects”), 
Earth  Day  contributions,  and  primary  grade  indoctrination  of  the  next 
generation. 

Blffectlve  communication  should  bring  the  public  to  understand  the  energy/ 
environment  system  and  its  management  as  evidence  of  mankind’s  progress  and 
not  as  the  devU  and  the  surrender  of  Individual  freedom  to  the  computer  in 
“1964”.  Effective  communication  to  the  general  public  would  require  some 
particularly  Imaginative  work.  But  it  would  be  intellectually  stimulating  for 
both  technical  and  media  professionals,  as  well  as  for  the  over  “soap-operated” 
and  “situatlon-comedied”  public  which  has  a  thirst  for  intellectual  substance. 

Establishment  of  the  ultimate  goal,  the  milestones  on  the  way  to  it  and  the 
features  of  the  target  systems,  in  itseU,  would  substantially  motivate  progress. 
In  addition,  early  stages  of  progress  could  be  stimulated  through  award  of  prizes 
for  achievement  of  early  milestones.  Such  awards  could  be  limited  to  those 
milestones  too  far  in  advance  of  commercialization  to  be  rewarded  by  patent 
coverage  of  other  commercialization.  Use  of  prizes,  rather  than  payment  for  work 
done,  should  maintain  individual  initiative  and  flexibility  and  minimize  the 
ddays  of  predictive  evaluations  via  “closed  club”  or  bureaucracy. 

Ei*C  support  ultmately  must  come  from  the  public  and  users,  because  they 
recognize  that  the  value  is  greater  than  the  cost  of  developing,  organizing  and 
applying  it.  But  the  time  8ca!e  of  such  impacts  is  long;  so  initial  funding  is 
required.  Foundations  seek  ways  to  accomplish  things  that  won’t  get  done  any 
other  way ;  they  could  reasonably  fund  the  earliest  steps.  Universities  encourage 
work  like  this,  Ijecause  of  their  orientation  to  pure  learning  and  long  time 
projects.  A  separation  tax  on  irreplaceable  resources,  such  as  crude  oil  or  coal, 
is  another  possibility ;  a  cent  per  barrel  would  yield  $5Qmm/yr.  and  fund  sub¬ 
stantial  E\?  RAD  activity.  That  would  be  a  reasonable  burden  on  users  to  fund 
develi^ment  of  intellectual  substitutes  for  the  irreplaceable  resources  consumed. 
The  engine  and  fuel  industries  and  professions  through  the  American  Petroleum 
Institute,  the  Coordinating  Research  Council,  or  the  Society  of  Automotive  Engi¬ 
neers  should  provide  support  and  leadership.  The  later  states  of  commercializa¬ 
tion  would  have  shorter  time  horizons  and  would  be  readily  funded  by  normal 
commercial  means.  Ultimately,  catdtai  requirements  will  be  large,  and  pension 
funds  should  consider  the  suitability  of  investing  in  the  fuel  processing  projects. 

A  central  organizing  feature  of  C*  should  be  a  dynamic  model  (64,  111-117) 
of  the  t  nergy/environm«it  system  with  “feed-forward”  (108)  characteristics.  It 
would  reflect  the  counter-intuitive  and  dynamic  behavior  of  the  system  and  yield 
a  feed-forward  view  of  the  effects  of  legislative/regulatory  policy  decisions  to 
permit  intelligent  system  management.  For  example,  it  might  be  used  to  deter¬ 
mine  the  minimum  cost  price-stlmnlus  scdiedule  required  to  obtain  the  necessary 
domestic  oil  and  gas  production  s<4iedule  and  to  minimize  nonproductive  wind¬ 
falls  resulting  from  regulatory  actions.  It  would  reflect  the  very  complicated 
and  separated  managerial,  technical  (118),  production,  financial  and  market 
aspects  of  governmental.  Industrial,  user  and  environmental  components,  out¬ 
lined  in  Figure  7  and/or  as  treated  by  White  (62,  67).  It  would  indicate  how 
various  alternatives  would  affect  the  whole  system  and  parts  of  it. 

It  could  be  used  in  the  academic  or  industrial- technical  fields  to  stimulate  crea¬ 
tion  and  evaluation  of  concepts.  It  might  be  used  by  the  financial  community  to 
better  understand  the  dynamics  and  guide  investments. 
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The  model  should  be  assembled  on  a  modular,  semi-custom,  bulldluf-block  basis 
and  be  subject  to  continual  evaluation  and  testing  against  both  Judgment  and 
Observation.  Bie  model  ought  to  include  the  effect  ot  the  model  itself  on  manage- 
moit^eciaioas,  processes  and  response  times;  once  accepted,  it  will  change  them 
and  tmid  to  behave  as  a  setf-fulfllling  prophecy. 


Nol««  Comp'c*'*V  -  C«ch  ^(Klucbon  Sector  Ha»  Tectwucal.  MarmlachirsM)- 

Markets.  Fstancal  Segments  And  Comoehbve  Elements 
.  OrV  Mapr  Aspects  StKwm 
EseeMiaVy  Closed  System  W<ti  Landed  Ceoaerty 


Mnsnal  Oaect  Mtetactam  Between  Fuels  And  Engates  Systems  Prior 
To  Fatal  Uae 

Lag  tt  Response  Arwes  From  Bom  InlofmMajn  And  Supply  Delays 
Key  I  iSuoolv  Level 

1  IM  Rale  Control  -  Up  To  Capaedy 
'  -  Stgpiy  Fbpe 
- -  bitormabon  Flow 

O  Scrapped.  Worn  Out.  Obsoiatc.  Or  Out  Qt  Place  Etaapment 


Fiotras  7. — ^The  Mobile-Dispersed  Power  System. 

ProvlBion  of  easUy  understood  Interfaces  with  users  and  provision  for  th^r 
eattr  crmtrol  and  manipulation  of  tbe  mod^  is  of  primary  itnporiimoe.  Practical 
full  awareness  and  use  of  the  model  by  all  potmtial  users,  on  a  minimal  cost 
basts,  is  a  requisite  ftn:  major  Impact  and  tbe  criterion  of  its  snccesa  It  is  to  be 
expected  its  greatest  benefits,  like  those  of  other  models,  may  be  in  training  stu¬ 
dents  and  managers  and  in  managing  tranMents  (which  are  more  prevalent  than 
steady-state  operation)  and  oscillation  caused  by  information  feed-ba<^. 

The  model  cannot  create  the  best  solution  to  tbe  problem;  siKh  (^thesis 
requires  the  highest  order  of  hnman  intellectual  endeavor.  But  it  can  make  it 
possible  for  more  to  participate  In  that  endeavor  and  for  more  possibilities  to  be 
explored  more  reali^cally. 

OOITCLtrSIOlt 

Mankind’s  way  of  satisfying  needs  for  mobile-dispersed  power  will  probably 
change  about  2000  A.D.  as  costs  of  finding  and  producing  petroleum  rise  substan¬ 
tially.  Because  of  the  long  lead  times  of  tbe  large,  complex  and  highly-developed 
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Teeoarce-fael-emliie-ase  tyatan,  sdmacad  doraloiMBeBt  td  the  mw  one  Aoald 
start  now  wttb  an  endvlng  Tiaion  of  the  likely  lyatani. 

The  ntobUeHlIapenwd  power  eystem  la  a  larger  and  more  U|ddy-dev«oped 
hnnuui/aoctety  aettrlty  than  baa  ever  been  changed  as  fast  befwe ;  so,  It  reqniras 
new  “managanenf*  tecfanlqaea  A  cealletie  conne  of  action  most  be  developed  and 
nndenrtood,  sappected  and  gidded  by  the  pnblic  to  serve  its  valnes.  An  Energy  and 
Ecology  Cybemetke  Coiporatlou  is  one  mechanism  for  guidance  and  mottvatira 
of  the  necessary  effort  A  dynamic  motM  of  the  system  is  one  tooL 
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AoxvowuDamfXBras 

Devtiopmoit  of  the  best  system  for  2000+  A.D.  mobile  and  dlspeieed  powmr  is 
important  and  requires  continoing  attention  and  changes  as  assnmptimis  and 
perc^^mis  are  r^ned.  oniis  paper  is  no  more  than  a  beginning.  It  is  bitted  that 
it  will  be  a  stimnlns  to  the  readers’  thinking,  to  initlatl<m  of  a  suitable  course  of 
actl<«  and  to  our  overall  effort  to  provide  future  generations  with  their  mobile* 
dispersed  power  system. 

It  is  Impossible  to  remember  and  identify  the  origin  of  most  ideaa  While  the 
author  takes  re^pmudbiliW  <or  the  ideas  in  this  paper,  it’s  (mly  fair  to  acfcnov^- 
edge  that  the  ideas  would  not  have  developed  without  the  interaction  and  help 
of  othmrs.  The  list  of  references  indicates  some  of  the  origins.  In  addltioQ,  it’s 
appropriate  to  ac^owledge  the  c<mtrlbnti(ms  of:  Bari  Bartbcdmnew,  George 
Butfiatrilo,  P.  S.  Myers,  B.  Bruce  Foster,  D.  P.  Carver,  Bobert  W.  Bidmrdstm, 
W.  T.  lyn,  and  G.  I^le  Cummins,  Jr. 
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Mr.  Rxchasmon.  In  anticipatitm  of  eventual  depletion  of  our 
petroleum  resources,  Dr.  Eltinge  discusses  the  very  long  leadtimes 
required  to  change  over  to  a  new  engine  and  compatible  energy  sys¬ 
tem.  Using  generally  accepted  leadtimes  for  the  individual  develop- 
mrat  tasks  involved,  the  total  development  time  ranges  from  25  to  60 
years.  The  point  Dr.  Eltin^  makes  is  that  we  need  to  start  now  if 
we  are  to  have  a  new  mobile  power/fuel  syst^  ready  for  the  21st 
century.  Further,  he  suggf^  the  need  for  creation  of  an  ongoing 
management  ^stem  conducive  to  dealing  with  the  very  long  de^op- 
ment  time  which  is  beyond  the  effective  interest  span  of  both  industrial 
and  Government  leaders. 

Actual  historical  data  on  rate  of  cmnmercialization  correlates  quite 
well  with  these  long  leadtimes  (slide  11) . 
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_  It  shows. that  the  automatic  toansmission  took  20  years;  air-condi- 
tioning,  17  rears;  and  disc  Inahesi,  9  years  frwn  successful  introduc- 
tioB  to  reach  80  pweent  penetraiimi  of  the  new-car  mariret.  All  had 
been  marketed  unsuccessfmly  in  the  United  States  many  years  earlier. 

Power  steering  and  power  brakes  to(&  14  and  17  years  respectirdy 
to  reach  50  percent  market  penetratiosu  These  are  examples  of  the 
most  successful  prodneta  Many  ksser  succeeses  have  not  reached 
10  perceidi  and  some  have  approached  10  percent  only  after  15  to  25 
years. 

^  This  slide  (slide  12)  shows  how  the  engine  market  miT  has  changed 
since  the  mid-1930’a  Superimposed  is  a  curve  showing  the  transition 
to  tl»  modem  mgiire.  This  change  starts  in  1948  and  was  not  complete 
until  1966—18  years  later— evolutionary,  not  revolutionary. 

In  1948,  tlw  ii^oetty  was  due  for  a  change;  the  last  previous  sig¬ 
nificant  new  ei^^ine  was  introduced  17  years  earlier  and  some  engines 
were  approaching  80  jeare  of  age.  Production  tooling  was  largely  ob¬ 
solete  wd  worn  out  Furthermore,  substantial  R.  &  D.  had  taken  place 
on  em^es  ai^  considerably  higher  octane  fuels  had  become  available, 
both  largely  in  re^remse  to  Wartime  aircraft  needs. 

_  The  steep  incre^  in  the  mid-1950’s  of  beth  modem  engines  and 
eight-cylinder  enpnes  seems  to  parallel  the  horsepower  race.  Pent-up 
demand  and  consumer  savings  resulting  from  two  wars  helped  fuel  this 
growth.  Had  a  long  term  smooth  growth  curve  for  V-8  engines  taten 
place,  the  transition  curve  would  probably  have  been  a  typical  smooth 
S-curve  wiUi  the  midpoint  about  1985. 
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This  early  growth  represents  the  demonstrated  capacity  of  the  in¬ 
dustry  for  major  substantial  engine  chan^  and  tends  to  suggest 
this  conversion  to  modem  OHV  engine  could  probably  have  been  com¬ 
pleted  in  10  to  12  years. 

Now  we  will  superimpose  a  curve  Rowing  the  transition  to  the 
modem  engine.  The  chan^  was  not  complete  until  1966, 18  years  later. 
The  early  rapid  convetmon  through  the  mid-1950's  represents  the 
demonstrated  capacity  of  the  industry  for  major  substantial  engine 
chaises  and  temm  to  suggest  this  conversion  to  modem  overhead  valve 
emgmes  could  pn^bly  have  been  completed  in  10  to  12  years. 

That  sort  oi  a  change  is  considerably  less  than  what  would  be  in¬ 
volved  in  changing  to  an  all  new  powerplant  such  as  a  turbine  engine. 

I  would  lilre  to  now  return  to  the  format  of  the  previous  leadtime 
charts. 
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and  industrial  research  aiMl  deTelM«raat  as  thev  affect  automotiye 
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Devdopment  of  autoviotife  oolaida  the  industry  adds  to 

leadtime  hecause  the  external  development  must  be  fed  into  the  auto 
industry  in  the  R.  &  D.  phase  several  y^rs  prior  to  the  start  of  a  new 
model  ^nwram  resulting  in  duplication  of  enort. 

The  incmst^  cannot  oe  expect^  (o  make  massive  capital  invest¬ 
ments  in  tooli^  without  first  8atisf;^ing  itself  that  tliey  nave  a  com¬ 
mercially  feasime  product.  This  means  they  must  first  have  extensive 
experience  with  it  Any  outside  research  can  he  more  easily  trans¬ 
ferred  to  the  industry  with  leas  increase  in  leadtime  in  m  early 
phases,  as  the  nearly  horizontal  arrow  shows  on  the  bottom  of  tne 
chart 

This  suggests  that  outside  research  is  most  effectively  applied  to 
basic  tedu^omes  such  as  materials  or  processes. 

For  examp^  advanced,  low  cost,  producible,  hi^  temperature 
materials  appmr  to  be  crucial  to  the  successful  devekq^ment  of  eco- 
n<Nnically  feasible  turbine  and  Stirling  engines. 

Qovemment-conducted  or  Government-sponsored  research  can 
therefore  most  effectively  be  aj^lied  in  the  premihna^  basic  tedi- 
nology  areas  where  there  are  apparently  very  leadtimes  and  vei^ 
hi^  risks.  That  is,  those  areas  where  industry  is  not  likely  to  commit 
substantial  effort 


The  very  well  intentioned  Clean  Air  Act  of  1970,  passed  by  a  ris^t- 
fulW  conoem^  Congress,  because  it  did  not  adequately  cmistder  these 
leadtime  requirements,  adnally  worked  to  divert  industrial  resources 
from  altemata  poWeplant  R.  &  D.  work  to  work  on  catalytic  deanup 
of  the  |)resent  internal  combustion  engines. 

I  pomt  this  out  not  to  be  critical  Congress  but  to  indicate  the  im¬ 
portance  of  considerii^  thorou^y  die  potmitial  impact  of  our  de¬ 
cisions  and  to  recognize  the  very  long  leadtime  involved.  The  cost 
of  impatience  cw  be  very  l^h.  makes  waste  here  as  in  other 

aspects  of  our  lives.  In  our  impatience  as  a  society  to  htive  clean  sir, 
low  noise,  and  consc^ation  of  resources,  indudi^  energy,  we  may 
pay  an  extiemdy  hi^  impatience  cost  without  actudly  achieving 
our  objective  or  even  a  significant  portion  of  it. 

Whm  we  try  to  reduce  lead  tunes,  cost  and  risk  increases. 

Thw  usualW  increase  «p<mentially.  A  small  reduction  in  leadtime 
can  often  be  had  f<nr  rmfy  a  small  increase  in  risk  and  a  Bmen  cost 
penalty.  But  large  reducuims  in  lewltimes  result  in  very  hi^  risks 
and  coat  penaltieB. 


entire  profesnmul  career  attempting  to  instigate  change.  It  is  a  diffi- 
ook,  frustrating  job — ^were  it  not  so,  however,  society  would  likdy  be 
in  ocmtinumis  (maos.  While  the  disciplines  of  our  sydem  tend  to  dow 
and  impede  change,  this  is  very  often  for  our  best  interest. 

While  this  is  a  disadvantage  in  some  instances,  we  have  not,  how¬ 
ever,  been  ^le  to  oonceivea  bdter  ^stem. 

As  previously  mentiimed,  if  a  change  is  to  occur  or  a  new  develop¬ 
ment  to  be  usM,  ^en  those  with  the  ability  to  exploit  it  must  to 
the  ones  to  purme  it  either  of  their  own  volition  or  by  encouragement 
in  the  form  of  incentives  or  persuasion  in  the  form  of  regulatiom 
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The  pit^  motive  inherent  in  the  free  enterprise  system  generally 
woi±s  to  provide  a  markd:  demanded  product  or  service  as  efficiently  as 
possible  within  the  basic  ground  rules  of  business,  law,  or  regulation. 
The  proper  role  of  Government  appears  to  be  to  first  idmtify  either 
alone,  but  preferably  in  combination  with  industry  and  the  academic 
comm^ty,  Imig  rangje  needs,  determine  approfniate  public  policy, 
and  stimulate  appropriate  res^nses  through  incentives  and  ultimate- 
through  the  setting  of  realistic  performance  standards  to  move  in- 
oustry  in  the  directioirof  changed  public  policy. 

In  oth^r  wor^  modify  the  ground  rules  and  then  let  industry 
go  to  Work,  "^e  Federal  role  appears  to  be  primarily  needed  in  areas 
snoh  {»  public  headth  where  the  marketplam  feedback  of  the  effects 
of  emissions  <m  health  is  too  random  and  too  ranote  to  be  refleded 
in  product  design.  In  this  area,  scieAtifically  supported,  realistic  per¬ 
formance  standards  appear  to  be  a  proper  role  ror  Govenunrat. 

If  the  rate  of  progress  is  deemed  not  mifficieiit  to  meet  society’s 
needs  Or  pubtic  policy,  then  judicioiu^  use  of  incentives,  perhaps  m- 
creassd  inveStinent  tax  c^its  on  hmilities  for  new  technology  engine 
prodhetionf'coiUbined  witii  well^foonded  perfornumce  standard  nen 
help,  but  not  likely  with  a  very  drastic  effect. 

I  do  not  sugged  mch  tax  incentives  from  a  studied  point  of  view 
but  on^  as  a  recurring  thought  for  further  consideration.  Even  large 
scale  effective  R.  &  D.  does  not  guarantee  that  results  will  be  exploited. 


Expanded  R  4b  D.,  no  matter  how  effective,  will  not  cause  the  ezplmta- 
tionol  new  development  by  itself.  . 

Inins^  most  nave  the  incentive  to  make  the  massive  capital  m- 
veetmenta  neoeesa^  to  bring  promising  development  projects  to  ocmi- 
mercial  fruition,  is  why  mstigatm^  change  is  sudi  a  frusUating 
job.  Ton  have  many  teduu^  successes,  but  business  failures. 

I  would  lili»  now  to  discuss  with  you  the  detailed  results  of  our 
en^e  study  (slide  15) . 


Relative  importance  of  Selection  Parameter 

ftasenger  Cars  Compared  wKh  4-Cycle 

Spark  IgnHion  Piston  Engine 
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in  our  invest^nrf;i<m  we  omsidered  five  new  engine  types  as  serious 
contenders,  the  Wankel,  turbine,  Stirling,  stratifiM  ctuoge,  sod  diesel 
gngiiwM.  We  did  not  oonsider  steam  engines  as  a  serious  contender 
b^  on  previous  studies  indicating  several  shorteomings,  notably, 
high  fuel  ocmsumption.  Electric  vehicles  were  also  discount^  due  to 
the  state  of  technology  being  woefully  inadequate  and  the  econranics 
unattractive. 

I  mi^t  just  ad  IRi  'here  to  mention  that  we  are  the  world’s  largest 
Modneecs  of  deetric  vehicles — dectric  foiklift  tm^.  We  have  made 
fairly  thorough  studies. 

Mr.  Bbown.  Your  company  is  the  largest? 

Mr.  RKOUBBScm.  Yes. . 

These  five  new  engine  tjnpcs  competing  for  future  automotive  use 
arwcompated  with  tmay’s  xonr-ojntie,  ^>srk-ignition  piston  engiro  mi 
eadi  of  these  parameters;  Each  migine  waa  rated  bettor,  plus;  worse, 
minus ;  or  equal,  aero,  to  the  presmit  gasd^  engine.  For  a  new  engine 
or  a  new  product  of  any  kind  to  sueoiKd  in  a  mature  maiitet,  it  needs 
to  be  suhttantially  better,  not  ji^  equal  or  marginally  better.  The 
printed  paper  covers  these  comparisons  in  much  more  detail. 
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The  Wenkel,  dei^ite  much  recent  fimfaie,  hae  little  to  offer  in  the 
three  importaiUi  eociel  arees  and  usee  sabrtantially  nu>re  fuel,  30  to  40 
percent  more.  It  is  also  a  nurne  ooetly  and  lees  flexible  engine  and  has 
poorer  dnrabili^  characteristics. 

The  Wanhet  is  a  vmy  smooflh  mtgine  and  is  smaller  and  lighter,  but 
nowhere  near  SB  mi^  M  oft^  claimed. 

The  turbine  engine  is  quieter  and  can  have  very  low  emissions  but 
has  'higher  fuel  consumpticm.  This  may  ultimately  be  overcome  with 
advanced  dem|ms  but  a  whole  new  material  tedmoiogy  development  is 
first  restored,  m  is  Ughtm,  sssoother  and  mme  flexii^  sh<Hild  require 
lees  mamtei^ee,  but  is  costly  and  its  durability  has  not  bem  proven 
for  automotive  applications.  The  turbine  requires  considerable  addi¬ 
tional  deyd^menttefore  it  could  enter  volume  production. 

The  migine  has  the  lowest  fuel  consumption,  lowest  miia- 

sion&  and  t^  loweat  noise  of  any  known  engine.  It  is  potentially  capa¬ 
ble  of  buzni^  any  fuel  since  it  is  an  external  ccHubustion  engine,  Irae 
Stuiing  engine  ateo  has  flexibility,  smodhness,  maintenance  and  dura¬ 
bility  imvantages,  but  tends  to  be  somewhat  bulky  and  very  costly.  It 
is  at  an  early  state  of  development,  and  introduction  in  high  vbimne 
ptodudfon  is  not  likely  until  at  least  the  middghties. 

Stratified  charge  engines  could  be  introduced  relatively  quickly  into 
production  m  it  is  a  variation  of  today’s  piston  engine. 

The  stratifled  charge  engine  provides  a  bdter  tradeoff  between  fuel 
^nsumption  and  exhaust  emissio]^.  It  appears  to  be  capable  of  meet¬ 
ing  the  interim  1975  and  1976  emissimis  stuidards  while  equalling  or 
bettering  todiy’s  engines’  fuel  economy. 

Stratmed  charge  engines  have  a  disadvantage  in  that  their  'Specific 
power  output  is  somewhat  less  than  convention  engines,  ree..xting  in 
lower  performance  cars  or  an  increase  in  engine  size. 

engines  have  low  fuel  consumption  and  low  emissions  of  con- 
tndM  mlhitants  but  high  emission  of  smt^  odor,  and  noise.  They 
require  less  maintenance  and  have  a  long  life  but  are  at  a  disadvanta^ 
in  all  other  characteristics. 

On  balance,  therefore,  the  stratified  charge  reciprocating  engine 
appears  to  be  the  leading  near-term  challenger  and  the  Stirling  engme, 
the  leading  long-term  cmitender. 

Let  us  now  examine  our  projection  on  the  rate  of  commercialization 
of  each  engme  type.  These  projecticos  are  shown  in  a  composite  chart, 
figure  16. 

First  we  show  the  range  of  W ai&el  penetn^mi.  In  1985  it  could 

be  from  as  little  as  zero  up  to  23  percent.  1  think  this  shows  up  better 
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And  next  for  the  turbine  and  Stirling,  engines  with  penetraticm 
again  from  none  up  to  about  8  pen^nt  m  1985.  The  balance  of  the 
market,  the  reciprocating  pis^  engine,  is  ditained  by  subtracting  the 
sum  or  turbine  and  Wankel  minimum  and  maximum  penetrations  foom 
100  percent.  The  piston  engine  would  have  a  market  share  of  at  least 
69  peremt  and  could  conceivably  take  the  whole  market  in  1985.  You 
will  note  that  the  maximimi  pii^n  engme  market  share  in  1980  is  97 
peremit  due  to  the  forecast  minimum  Wankel  penetration. 

'  These  charts  were  jmepared  quite  some  time  ago.  And  if  I  were  to 
stiaAe  tibat  prpjer^on  today,  I  vrould  give  the  Wankel  less  chance  than 
is  shown  here. 

Now  what  will  these  piston  engines  be  like ! 
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We  have  att^pted  to  construct  the  shorter  term  picture.  The  num¬ 
ber  of  catal^fst  controlled  engines  will  be  substantially  lower  than 
shown,  if  emission  standards  are  liberalized.  The  picture  for  1976  and 
be^nd  is  still  veiy  unsettled. 

T^e  catalyst  curve  shows  an  early  decline  as  the  stratified  charge 
engine  comes  into  use. 

The  stratified  charge  wgine  may  indeed  prove  sufficiently  attractive 
to  not  only  take  over  this  whole  reciprocating  engine  segment,  at  least 
69  percent  of  the  total,  but  to  even  recapture  the  small  segment  lost  to 
the  Wankel  in  the  mid-  and  late-1970’s. 

When  we  put  the  total  picture  together  it  looks  like  this  (slide  16). 


Range  of  Expected  Market  Penetration 


Now  that  is  the  chart  that  is  in  the  prepared  statement. 

Our  conclusions  from  this  study  therefore  are  that  reciprocating 
piston  engines  will  remain  dominant  well  into  the  1980’s.  There  ^ill 
IS  considerable  uncertainty  as  to  the  choice  and  rate  of  commercializa¬ 
tion  of  specific  new  engines,  but  no  revolutions  are  likely  in  the  near 
future. 

Vehicle  and  engine  manufacturers  will  continue  to  approach  change 
with  cauti<Hi  and  will  follow  conservation  introduction  and  commer¬ 
cialization  strategies.  Economics  will  continue  to  be  the  dominant 
influencing  factor.  But,  social  requirements,  especially  fuel  consump¬ 
tion,  will  become  much  more  significant  in  influencing  change  to  differ¬ 
ent  en^es. 

We  nope  that  in  this  brief  statement  we  have  been  able  to  provide 
some  helpful  perspective  on  the  nature  and  status  of  automotive  engine 
R.&D. 


We  wotild  like  to  reiterate  our  poeition  that  industry  through  the 
discipline  of  the  marketplace  is  in  the  best  poeition  by  far  to  balance 
the  many,  often  competing,  requirements  for  auttnaotive  miginea 
Therefore,  they  can  accomplish  this  task  more  efllciently  and  more 
quickly  than  anyone  outside  the  industry  and  cmi  maintun  technology 
transfer  problems. 

The  Oovmmment^  primary  role  should  be  to  identify  long-range 
needs,  especially  thoM  where  free  markrt  feedback  tends  to  be  remote, 
to  establuh  apprimriate  public  policy  and  to  provide  incentives  for 
industry  to  meet  these  needs  and  where  necessary,  establi^  soundly 
based  performance  standards. 

To  car^  out  its  role,  Govemmmit  must  be  more  aware  of  the  long 
leadtime  involved  in  the  innovative  juroc^  and  to  recogn^  that  we 
often  have  to  live  for  a  very  Icmg  time  with  our  major  d^isjons 

Thank  you  very  much. 

Mr.  Bhoww.  I  want  to  thank  you,  Mr.  Richardson.  I  think  you  have 
undoubtedly  given  vs  the  most  d^iled  analysis  of  the  specifics  of 
what  we  can  expect  in  new  engine  development,  more  so  than  any  of 
our  witnesses  have  mven  us.  I  a^reciate  toat  very  much.  I  think  that 
will  be  a  very  valuable  contribution  to  the  record  which  the  committee 
is  accumulating  here. 

I  note  your  description  of  the  Government’s  role  and  I  think  it  is  a 
reason^  and  probably  generally  acceptable  definition  under  normal 
conditions.  I  have  some  questions,  however,  as  to  whether  that  role  may 
be  completely  adequate  under  conditions  which  you  might  describe 
as  ^normal  conditions  which  you  might  describe  as  a  crisis  situation, 
or  in  mathematics  where  we  have  curves  which  are  discontinuous.  This, 
of  course,  is  always  toe  area  which  causes  us,  as  political  figures,  the 
greatest  amount  of  difficulty.  We  may  be  in  that  situation  with  regard 
to  automobile  systems  because  of  the  great  pressure  which  developed 
first,  over  toe  emissioai  situation  and  then,  second,  over  toe  fuel 
situation. 

I  am  not  sure  that  politically  speaking  we  can  tolerate  a  situation 
where  the  leadtimes,  which  I  thmk  you  have  described  very  accurately, 
are  permitted  to  run  their  normal  course. 

For  example — and  I  would  like  to  ask  you  to  comment  on  this — 
many  of  the  people  in  southern  California  became  concerned  about 
toe  emissions  prmlem,  basically  the  smog  problem,  20  years  ago  or 
longer. 


Tou  are  talking  now  about  leadtimes  from  the  present  to  develop 
ft  suitable  emission  control  system,  or  a  nonpolluting  engine,  whicn 
will  run  another  15  or  20  years,  or  longer,  in  order  to  get  it  mto  general 
use.  Those  of  us  in  southern  Odifomia  are  looking  back  20  years  and 
saying,  “Why  didn’t  the  leadtime  start  then  so  we  have  something 
now?”  The  industry,  in  other  words,  seems  to  have  an  inertia  in  some 
of  these  areas. 


Mr.  Richabdson.  I  think  that  is  an  excellent  way  to  describe  it.  This 
^stem  is  extremely  large  and  does  have  a  very  high  inertia.  I  toink 
toat  is  <Mie  of  the  points  that  Dr.  Eltinge  made  extremely  wdl  in  his 
paper.  If  the  inertia  of  the  auto  industry  to  a  new  motive  systems  is 
large  then  the  inertia  of  the  energy  system  to  a  crisis  is  prol»bly  a 
good  deal  greater.  I  do  not  mean  that  to  indicate  there  is  any  sinister 
context  in  any  of  these  industries.  It  happens  in  all  of  our  society. 
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It  provides  a  stalnludtig  influeoce  whidi  is  proiiaUy  for  the  best  but 
it  niKtrates|)eopie  like  me  wbotiy  to  institute  ohaage. 

But  as  I  mduate  in  my  testimony  I  am  afraid  tiiat  if  those  of  us 
who  want  to  mi^e  chan^  were  allowed  to  do  so  witji  no  checks  and 
balancee  that  society  womd  be  in  peij^aal  chiuisj 

Mr.  Ktowir.  That  is  what  they  teu  me  in  the  Congress.  [Lui^ter.] 

Mr.  BicHAjmsoK.  I  certainly  i^preciate  the  probleins  of  the  eatisens 
of  southern  California.  I  have  bei^  there  many  times  and  I  find  it  very 
unpleasant. 

Oi  ooui^  the  j^roblem  developed  over  quite  a  period  of  rime  and 
it  took  quite  a  while  to  establish  what  the  cause  of  it  was.  I  believe  it 
was  apjnozimsitely  20  or  21  years  ago  wl^n  the  auto’s  role  in  this 
problem  was  identified.  At  that  time  it  was  one  researcher  who  later 
turned  out  to  be  right  but  often  we  have  researdi  which  is  faulty.  And 
bef<»«  massive  resources  are  omnmitted  you  would  like  to  fem  con* 
fident  imn  property  understand  the  problen.  1  think  this  is  a  proper 
role  or  oertaimy  (^vemment  funded  research — perham  by  umversi- 
ries — to  identity  the  sorts  of  problems  and  to  estabush  them  with 
eioog^  ccmfidmoe  that  bamo  public  policy  can  be  established  and  ap- 
prrariate  resp<»aes  insrituted. 

Certainly  there  nuty  be  times — I  would  think  they  would  be  rare — 
when  situaticms  are  really  of  crisis  proportioiffi  whei  public  health  and 
safety  denands  something  drasti<^ly  different  from  the  use  of  our 
tradiriomd  mechanisms. 

I  think  industry  has  demonstrated,  if  you  go  back  to  World  War  II, 
its  competency  to  change  very  fast,  not  economically  but  very  fast 
when  rimre  is  an  emergency  situation. 

Mr.  Brown.  I  am  glad  that  you  brought  that  point  out.  It  has  oc¬ 
curred  to  me  and  other  members  of  the  committee  that  there  iwlly  is 
no  question  about  their  ability  to  change  rapidly  gtyen  recognition  of 
the  constraints.  The  conversion  of  the  automobile  industry  frmn  full 
production  to  zero  producti<m  of  automobiles  and  then  to  massive  pro¬ 
duction  of  aircraft  and  tanks  and  other  vehicles — and  then  to  change 
back  in  an  equally  short  period — that  is  an  example  of  very  massive 
change. 

Mr.  BicHSJtosoN.  During  World  War  II  their  m^ive  popidarion  of 
aircraft  was  in  tens  of  thousands  of  units  and  not  in  the  miUioi^  as  it 
is  with  automobiles,  but  it  was  still  larger  than  what  the  aircraft 
indimtty  was  doing. 

Mr.  Brown.  The  question  which  comes  to  us  is  are  we  at  a  point 
where  it  is  necessary  for  the  Government  to  change  the  parameters  of 
the  syirtem  in  order  to  accelerate  certain  change  which  is  vital  to  the 
public  welfare.  I  can  see  that  being  done  perhaps  very  drastically. 
It  would  not  take  but  a  single  enactment  prohibiting  automobiles  that 
bad  an  efficiency  less  than  20  miles  per  gallon— or  you  could  set  a 
weight  lihnt  or  put  a  prohibitive  tax  on  horsepower  and  this  would 
make  a  major  change  in  parameters  of  the  system. 

Mr.  Bicharoson.  Certainly  it  is  possible  to  do  any  number  of  those 
things.  I  tend  to  feel  that  those  sorts  of  things  are  generally  disrup¬ 
tive.  If  we  are  indeed  concerned  about  our  energy  resources  then  I 
ftiinlr  the  price  of  energy  should  reflect  that  and  therefore  the  free 
market  would  control  its  usage.  If  energy  indeed  is  running  out  then 
it  should  become  nearer  and  dearer  to  us  and  we  would  expect  to  pay 
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more  fm:  it  That  would  discipline  each  one  of  us  as  to  how  to  use  it.  It 
is  very  hard  for  one  individual  or  a  committee  of  individmds,  no  mat¬ 
ter  how  well  intentimied,  to  allocate  resources  or  determine  what  is 
best  for  everybody. 

We  went  mrough  this  exercise  intemaUy  just  over  the  energy  situa¬ 
tion  this  past  winter  and  asked  ourselves  in  my  department  if  we  were 
^ponsime  for  allocating  a  given  amount  of  fuel  amoim  the  employees 
in  our  research  cmter  how  would  we  do  it  ?  We  conclumd  very  quickly 
that  we  did  not  want  the  job  and  that  we  could  not  do  it  anyway  near 
as  well  as  the  free  market  place  no  matter  how  well  we  att^pt^  to 
do  it.  That  was  a  committee  of  alraut  five  of  us.  I  doubt  very  much 
whether  that  degree  of  thought  wiU  be  given  to  allocating  resources 
to  individuals  in  any  administrative  system. 

Mr.  Bbowk.  Your  example  illustrates  a  verv  good  ^int.  Most  of  us 
when  we  come  up  against  a  complex  probl^  for  which  we  do  not  have 
solutions  prefer  to  have  smne  external  solution  which  we  can  take. 
And  the  tree  market  is  an  external  solution  which  in  our  culture  is 
assumed  to  be  imiformly  good. 

If  however  we  have  a  question  of  whether  the  free  market  mechanism 
is  actually  working  then  that  raises  more  serious  problems. 

Mr.  &OHABDSoir.  I  would  not  say  it  is  uniformly  good.  There  are 
many  mistakes  it  makes  and  it  is  not  perfect  but  I  think  that  it  is  better 
than  aziything  else  which  has  been  devised. 

Mr.  Bbowk.  We  say  that  about  our  system  of  government,  too. 

Mr.  Biohabdson.  Bight.  We  can  find  inefficiencies  in  either  of  these. 

Mr.  Bbowk.  The  prwlem  we  find  in  meeting  the  energy  diortage  by 
the  free  market  mechanism — just  as  we  do  m  solving  the  poUutimi 
prcddem  by  a  free  market  mechanism— is  that  there  are  too  many 
examples  where  total  costs  are  not  being  internalized  but  some  portimi 
of  tton  ate  being  absorbed  publicly.  This  distorts  the  free  market 
mechanisoL 

In  smne  cases  there  are  other  distortaons  of  the  free  market.  You 
recall  in  the  automobile  case  the  Department  of  Justice  brought  suit 
under  the  antitrust  laws  with  regard  to  emission  controls  on  fhe 
grounds  that  the  free  market  system  was  not  working  there.  It  was 
never  proven,  of  course,  but  there  was  evidence  that  there  was  some 
collusimi  cm  the  part  of  the  industry  to  prevent  the  marketing  or  full 
devdopmmit  of  emission  control  systems. 

These  are  the  kind  of  distortions  we  &re  called  upon  to  look  into  and 
see  if  we  can  counteract  them  in  me  fashion  or  another.  Frankly  I  am 
becoming  more  and  more  dmillusioned  with  our  ability  to  do  so,  but  I 
do  not  think  we  can  afford  to  stop  tiying,  which  is  of  course  the  basis 
for  legislative  efforts  such  as  the  bill  we  have  before  us. 

I  would  appreciate  knowing  a  little  bit  more  about  the  work  of  your 
company.  You  mentioned  your  involvement  with  electric  vehicles, 
whim  struck  a  chord. 

Mr.  Bichabdsok.  We  produce  forklift  trucks.  We  just  happen  to 
make  more  electric  forklift  trucks  than  anyme  in  the  world.  That  is 
the  primary  electric  vehicle  whidi  is  in  u^  in  the  world.  They  are 
based  on  a  pretoy  ancient  technology.  They  use  lead  acid  batteries  and 
DC  tn^ion  motors.  Probably  the  most  significant  innovation  has  been 
the  solid  state  SCR  ocmtrol  going  back  about  a  decade. 
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Mr.  Bbowit.  Do  you  have  a  market  analysis  unit  which  seeks  to  de- 
termine  whether  there  is  likely  to  became  a  market  for  other  types  of 
electric  vehidee  in  which  your  compaQy  could  participate? 

Mr.  Biohabdson.  We  have  in  our  department  made  studies  of  electric 
vehicles  goii^  hack  to,  I  think^the  earliest  was  1966. 

We  essentially  concluded  that  the  electric  vehicle  could  fill  a  small 
role  but  we  saw  no  real  economic  reason  why  it  ^ould  and  we  do  not 
fed  that  it  will  be  a  net  benefit  from  dther  a  pollution  or  an  miergy 
standpd^  It  transfers  the  problems  from  <me  location  to  another. 
It  is  a  different  type  of  pollution  problem.  I  for  one  am  not  able  to 
adequatdy  wei^  the  effeirt  of  whe^r  sulfur  oxides  emissions  from  a 
powerplant  chimney  or  hydrocarlxm  emissions  from  thousands  of 
vehides’  tailpipes— whidi  is  the  worst  situatiim. 

I  can  apply  some  reasoning  and  under  various  circumstances  <Hie 
is  worse  and  under  other  circumstances  the  other  is  worse.  But  I  do  not 
think  there  is  a  significant  net  gain  to  be  had  that  way  unless  we  re¬ 
move  the  electric  powerplants  to  rmnote  areas.  And  traditionally  that 
is  not  what  we  have  done. 

Mr.  Bbowk.  Yesterday  in  connection  with  dectric  vehicle  we 
cuseed  parameter  changes  which  would  require  electric  vehicles,  just 
as  in  some  warehouse  situations  you  require  electric  forklift  trucks. 
We  may  be  getting  into  that  situation  in  certain  urban  areas  where 
we  may  find  that  we  need  vehicles  with  those  characteristics  in  urban 
areas,  and  that  would  tend  to  enlarge  the  market. 

Mr.  Richaboson.  Certainly  if  other  types  of  vehicles  were  prohibited 
it  would.  But  this  technology  is  woef^y  inadequate  to  make  a  very 
practical  dectrical  vehicle  %  the  standards  we  mve  known. 

My  understanding  of  the  pollution  problem  is  that  we  are  not  now 
nor  are  we  likely  to  approach  a  situation  which  requires  something 
like  that.  I  certainly  share  the  concern  of  the  prople  who  have  to  live 
with  it.  I  think  progress  has  been  made  and  I  think  considerably  more 
progrem  is  in  the  offing.  It  took  us  a  long  time  to  get  into  the  problem 
and  it  is  likely  to  take  us  a  fair  amount  of  time  to  get  out. 

Mr.  Bbown.  Just  another  word  or  two  about  NASA’s  role  which 
is  the  subject  of  this  legislation.  You  have  said  fairly  succinctly  that 
the  primary  role  of  the  Government  should  be  to  identify  long-range 
needs  especially  where  free  market  feedback  tends  to  be  unable  to 
establish  a  public  policy  to  provide  incentives  for  industry  to  meet 
these  needs,  and  where  necessary  establish  soundly  based  performance 
standards.  You  have  indicated  earlier  that  the  proper  role  is  more  in 
the  basic  research  area  rather  than  the  actual  development  and  market¬ 
ing  area. 

Mr.  Richaboson.  I  think  an  advancing  base  of  technology  would  be 
quite  use^  to  the  automobile  industry  as  far  as  new  types  of  engines 
are  concerned  and  to  all  elements  to  our  society. 

Mr.  Bbown.  In  view  of  the  excellent  presentation  you  have  given 
about  the  need  for,  and  the  elements  of,  some  other  types  of  engines 
that  have  the  characteristics  you  have  indicated,  I  presume  you  would 
agree  that  NASA  could  play  a  useful  role  in  solving  some  of  the  prob¬ 
lems  involved  in  shortening  the  leadtime  for  development? 

Mr.  Richaboson.  I  certainly  think  they  can  play  a  role  in  either 
their  own  in-house  work  on  basic  technology  or  on  what  they  manage 
through  their  contractors.  From  the  standpoint  that  this  technology. 
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tlie  basic  tochnologv,  is  broofht  alon^  sooner,  it  will  certainly  help 
with  the  leadtime.  1  do  not  tmnk  they  can  omtribate  very  effectively 
to  the  later  devel<^»hient  phasee.  I  think  they  can  provide  a  reservoir 
of  technology  wUeh  the  industry  can  more  quickly  adapt. 

Mr.  Bsown.  Of  coarse  we  are  looking  at  the  ea^rience  that  NASA 
has  had  in  the  parallel  development  of  aircraft  engines.  We  have 
heard  no  adverse  comments  to  q>eak  of  with  regard  to  the  importance 
of  the  role  and  the  contribntion  that  they  have  made  through  the 
NASA  laboratories,  recognizing  of  course  that  aircraft  and  automo¬ 
bile  are  two  different  industries.  It  has  been  our  view  that  there  still 
might  be  some  which  could  be  usefully  extended.  You 

wouldn’t  take  too  mudi  issue  with  that  would  you  ? 

Mr.  Richahdsox.  Probably  not  a  great  deal.  I  think  there  is  a 
marked  difference  between  the  aircraft  mdustry  and  the  auto  industry. 
The  aircraft  industry  is  much  more  highly  Government  regulated  and 
Government  si^ported  in  one  way  or  another.  I  do  not  claim  to  be 
an  expert  on  NASA’s  contributions  or  their  role  there.  Although, 
my  understanding  is  that  their  developments  have  been  primarily 
by  contractors  ana  not  by  nASA  itself.  I  think  that  in  days  past  with 
the  old  NASA  that  more  of  it  was  done  in  their  labs,  but  recently  it 
has  been  primarily  through  contractors.  If  I  understand  correctly, 
they  have  neen  the  administrative  organization  to  dispense  or  disburse 
Government  funds  and  manage  total  resources.  I  have  no  quarrel  with 
that. 

Mr.  Bbown.  I  don’t  want  to  belabor  this.  I  think  your  statement  very 
clearly  sets  forth  your  own  ixsition  on  this.  As  I  say,  it  is  one  of  the 
best  presentations  we  have  had  particularly  in  its  contribution  to  a 
realistic  evaluation  of  future  engine  developments. 

I  want  to  thank  you  very  much. 

Mr.  Hammill  would  like  to  ask  you  a  question. 

Mr.  Hammill.  Mr.  Richardson  you  mentioned  in  your  statement  the 
long  leadtimes  which  are  requiim  for  introducing  innovations  into 
automobiles  L.  automobile  engines. 

Mr.  Richabl>80x.  It  is  not  just  limited  to  the  automobile. 

Mr.  Hammill.  A  previous  witness  noted  that  many,  or  perhaps  most, 
of  the  important  innovations  in  automobil.^  have  b^n  generated 
by  foreign  auto  companies  rather  than  by  the  U.S.  auto  industry.  Do 
you  think  that  is  a  fair  assessmeht,  and,  if  so,  why  do  you  think  it 
happens  that  way  ? 

Mr.  Ricrardsok.  I  do  not  think  it  is  a  totally  fair  assessment.  I  think 
there  is  some  validity  to  it.  I  think  it  partially  happens  because  the 
requirements  of  the  marketplace  in  other  countries  are  different  from 
what  they  are  here.  There  are  things  we  can  occasionally  borrow  from 
them  ana  vice  versa.  I  think,  in  general,  automotive  technology  has 
gone  in  the  other  direction,  that  the  state  of  automotive  technolo^ 
elsewhere  in  the  world  has  generally  been  behind,  from  an  overall 
consumer,  standpoint,  behind  the  United  States. 

If  you  talk  about  very  high  performance  engines  and  things  like 
this,  the  marketplace  in  Europe  and  Japan,  because  of  the  cost  of 
fuel  and  taxes,  has  forced  the  developm^  of  high-output  small  en¬ 
gines  intended  for  smaller  vehicles.  So  for  perhaps  today’s  needs  some 
of  what  they  have  had  for  years  would  better  fit  our  needs  here.  There 
may  indeed  be  some  transfer  possible  in  this  direction.  But  in  terms 
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of  the  oenend  fuiioti<nial  role  of  the  automolHle  I  believe  they  heve 
generally  been  behind  os,  especially  in  terms  of  safrty  and  comfort  and 
noise  level  and  so  <m.  I  have  owned  several  foreign  cars  mainly  for 
their  lus^-perfotmmMse,  npocts-t^ 

Mr.  I  taiomj>  Bot  with  fuel  shortages  predi<^ed  for  the  fidure,  the 
marlEetolace  may  force  the  American  mdustry  into  snaller  cars. 

Mr.  Ricbabobox.  It  is  indeed  doi^  that  at  a  very  rapid  rate.  There 
have  been  rather  massive  expenditures  to  convert  asaembW  plants 
fnmibig  cars  to  small  cars  on  a  nonefficient  and  pamc  basis.  1  guess  it 
is  efficient  if  you  are  not  selling  cars.  I  think  this  is  indicative  of  the 
fact  that  the  free  marketplace  in  general  does  work  and  does  cause 
response.  But  they  cannot  <hange  overnight.  I  know  of  no  way  that 
it  can  be  done.  It  cannot  be  done  by  edict  or  it  cannot  be  done  by 
committing  massive  resources.  That  helps  but  they  have  to  be  effec¬ 
tively  utilized. 

Mr.  GkNLDWATBB.  It  appears  to  me  that  the  industry  is  responding 
but  there  is  nothing  new.  All  they  are  doing  is  compacting  something 
we  have  had  for  many  years  ana  there  is  nothing  really  new  coming 
out. 

Mr.  Bxchabdson.  I  think  there  are  new  things  coming  out  all  the 
time.  I  think  some  of  this  role  has  been  restricted  by  the  very  great 
effort  the  industry  has  been  forced  to  spend  in  the  areas  of  emissions 
and  si^ty.  The  research  and  development  resources  have  been  heavily 
oommittra  to  those  two  areas  in  the  past  several  years. 

Mr.  GkiLnwATca.  In  other  wor^  their  efforts  have  been  misdirected 
or  diverted  on  a  temporary  basis  to  r^pond  to  sort  of  an  ancillary 
problem  that  in  essence  prevents  them  from  directing  their  efforts  to 
the  big  overall  problem  ? 

Mr.  Bichabdsok.  I  would  not  say  to  an  ancillary  problem.  Those 
are  very  wrious  problmns  which  the  resources  are  directed  to.  How¬ 
ever,  I  think  it  has  taken  the  lion’s  share  of  their  B.  &  D.  effort.  As  I 
indicated  in  my  testimtmy,  the  attempt  to  meet  the  requirements  of 
the  Clean  Air  Act  of  1970  I  am  sure  diverted  some  of  the  resources 
which  would  have  gone  to  alternate  engines.  There  was  no  way  under 
the  t^e  constraints  that  they  could  develop  alternate  engines.  Hind- 
sii^t,  of  course,  is  20-20. 

Mr.  GkunwATER.  But  using  hindsight  vio  ,  ou  feel  that  if  we  h^ 
used  that  same  amount  time  and  perhaps  '  w'  amount  of  dollars  in 
tackling  tlm  solutions  to  an  alternative  type  of  power,  instead  of  work¬ 
ing  on  the  emission-type  devices,  we  would  have  in  fact  been  able  to 
cmne  up  with  something  which  would  solve  all  of  the  problems? 

Mr.  fecGHABDSOX.  Certainly  not  %  today  but  will  have  gotten  there 
sooner  than  we  will  with  the  present  system. 

I  think  i>erhara  had  a  more  effective  compromise  on  emissions  stand¬ 
ards  been  set  and  a  date  set  for  the  early  198Q’s  that  it  would  have  been 
possible  to  have  abemate  engines  in  production  by  that  time.  I  see  no 
w^  it  will  happen  now. 

Mr.  Gh>ii>wATEB.  It  seems  to  me  like  a  case  of  overreaction  by 
Gk)vemment. 

Mr.  Rioharosox.  I  think  it  was  probably  a  hasty  overreaction.  I 
think  it  wm  a  casq  where  you  IooIde^  at  one  problem  and  attempted  to 
solve  it  withoid  thorouj^y  considering  aU  of  the  ramifications — that 
was  what  I  tried  to  bring  out  in  my  prepared  statement.  There  are 
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mmay  paruMtefS  whidi  have  to  be  lo(dnd  at  end  they  have  to  be 
balanced. 

Hie  steam  ensuie  is  a  good  ezampte.  It  has  low-emiasiim  potential 
bat  it  has  very  nigh  fuel  consumpoim  probkma  Five  years  ago  we 
were  not  worrying  aboat  fuel  oemsomptKm  and  it  made  sense  to  look 
at  that  engine.  But  I  think  the  da^  is  hmg  part  when  k  makes  sense 
to  continne  to  pour  much  effort  mto  that,  xhe  Government  is  still 
dmngthat. 

Mr.  Haiaatx.  One  last  queeticm  if  I  may,  sir. 

Mr.  ftamv.  Go  ahead. 

Mr.  HAinmj>  Another  previons  witness  expressed  the  opinion  that 
the  automobile  industry  allocates  lees  of  its  resources  to  support  re- 
seardh  and  development  work  than  other  industries  in  the  United 
States.  I  recognize  we  are  comparing  apples  to  oranges  here,  but  would 
you  agree  that  that  is  so,  and  can  you  tninlr  of  a  reason  for  it! 

Mr.  Biohabdsok.  I  am  sure  that  is  true  in  r^fard  to  some  industries. 
I  do  not  have  the  numbers  here  and  certainly  would  want  to  look  at 
them.  I  am  sure  they  spend  more  thui  many  other  industries.  It  de- 
p^ds  a  great  deal  on  the  type  of  industry.  If  you  are  in  an  extremely 
nigh  technol<^  industry— ^e  aeroqtace  mdurtry  spoids  more  but  not 
necessarily  eTOctively.  If  the  mar^place  will  not  reward  the  guy 
who  spends  the  mcmey  for  his  innovations,  he  will  go  out  of  busing 
doing  it.  It  makes  him  noncompetitive  with  his  competitors.  The  in¬ 
dustry  can  only  really  effectively  go  at  the  rate  the  marketplace  will 
accept  unless  tnere  are  some  new  ground  rules  created  by  Gk>vemment 
whi^  forces  them  in  another  direction  and  protects  them  from  the 
reaction  of  the  marketplace  if  they  do  it. 

Mr.  HAin>ffn.T..  Marketplace  ccmsiderations  then  may  dictate  that  the 
automobile  industry  put  a  lot  more  money  into  cmmetic  changes,  style 
changes,  and  that  sort  of  thing  than  in  substantive  innovaticms.  Does 
that  seem  to  you  to  be  the  case  ? 

Mr.  BiCHABDsoir.  I  take  it  you  are  referring  to  the  annual  model 
change. 

Ifr.  Hamhiu..  That  sort  of  thing.  Fins  on  fenders  and  things  like 
that  which  require  a  lot  of  new  tooling,  whereas  the  stratified  charge 
engine,  for  example,  is  something  which  has  evidently  not  occupied 
the  talents  or  commanded  the  resources  of  Detroit. 

Mr.  RicHABDSoir.  I  think  the  major  companies  ^ve  had  stratified 
charge  engine  programs  on  and  off  tor  decimes.  It  is  just  that  the  ad¬ 
vantages  of  the  stratified  charge  did  not  appear  to  be  very  significant 
in  the  past.  Major  effort  was  not  aimed  at  fuel  economy  over  the  years. 
Fuel  economy  was  not  of  significant  importance  and  consumers  would 
not  pay  for  it,  because  energy  was  cheap  enough  to  warrant  not  going 
to  that  engine.  The  ground  rules  have  indeed  changed  and  the  rtratified 
charge  engine  in  totoy’s  climate  I  think  makes  great  sense  to  industry. 
In  your  earlier  comment  you  were  probably  referring  to  the  fact  thrt 
Honda  developed  one  version  of  it.  That  basic  version  was  developed  in 
England  in  1915  ly  Harry  Ricardo.  It  was  not  very  satisfactory.  It  had 
been  worked  on  in  this  country  off  and  on  at  various  times.  We  worked 
on  it  in  our  own  laboratories,  a  tingle  cylinder  version,  a  little  more 
than  2  years  ago  and  had  some  attractive  results  from  it.  We  were  not 
aware  of  Honda’s  work  at  the  time  we  did  that.  We  obviously  have  not 
Committed  anywhere  near  the  resources  to  it  which  they  have.  We  are 


not  in  tlie  engine  bnemees.  It  wm  jnat  to  beck  up  cmr  parts  business. 
I  can  assure  you  there  is  an  awful  lot  of  interest  m  that  engiiw  every- 
wbere  in  the  world. 

Mr.  Baowx'.  Any  further  queationst 

Mr.GouDWATEU.  Yes,  IhaveiHie. 

I  apdogizB  for  not  being  here  for  your  testimony  but  I  will  look 
forward  to  looki^  over  k  when  I  get  back  to  my  office. 

But  you  seemingly  have  looked  into  this  whole  concept  of  these 
problems  in  great  depth.  I  am  sim  you  have  some  opinions  as  to  why 
we  are  where  we  are.  We  have  diacoaned  them  and  taUmd  about  them 
a  little  bit.  But  I  would  like  to  know  why  we  in  this  country  have  de- 
Td<^>ed  large  cars  and  big  engines  whi^  consume  a  lot  of  fuel  and 
go  very  fost,  whereas  in  Europe  and  Japan  and  Italy  tlmy  have  in 
essence  gone  the  other  way  i  What  phenomentm  dictated  thist  You  say 
the  automobile  industry  rei^nds  to  the  market.  Was  this  smnething 
that  really  the  market  dictated?  And  if  it  did^  why  did  it  dictate  it? 

^  Mr.  Bichabdsow.  First  let  me  make  one  comment  on  your  point  rela¬ 
tive  to  speed.  I  think  we  have  the  same  speed  capability  m  vehicles 
throus^ut  the  world.  Vehicles  in  Europe  and  in  Japan  are  indeed 
carable  of  being  driven  very  fost,  and  in  fact  are. 

Mr.  GkiLDWATEH.  But  maybe  not  with  the  acceleration  capabilities. 

Mr.  Bxchasdson.  On  the  average  that  is  true  but  there  are  vehicles  in 
each  part  of  the  worid  which  do  have  a  hi^  acceleration  capability. 
They  are  perhaps  less  common  overseas.  I  think  this  is  simply  an  eco¬ 
nomic  situation.  The  basic  per  capita  income  or  standard  of  living  in 
other  areas  in  the  world  is  nowhere  near  as  high  as  it  is  here  and  there¬ 
fore  the  consumer  in  <^her  parts  of  the  world  has  not  been  able  to 
afford  the  level  of  luxury  we  have  here.  The  cost  of  energy  in  both 
Europe  and  Japan  has  b!^  vmy  hi(^  compared  to  what  it  has  been 
here,  several  times  what  we  pay  here. 

Mr.  Gouwateb.  The  cost  to  the  consiuaer. 

Mr.  RicHAjmsoir.  Yes.  And  it  is  primarily  due  to  a  very  high  tax 
structure  <m  fuel  in  other  countries.  Fuel  nas  been  very  expmwve. 
So  this  plus  a  ba^  lower  economic  level  and  lower  standard  of  living 
has  forced  much  more  economical  cars.  The  cost  of  operation  and  cost 


of  fuel  has  been  a  much  more  important  parami 
Mr.  (fomwATER.  So  cheap  fuel - 


Mr.  RrcHAKbsom  It  has  been  a  very  bad  thing. 

Mr.  Goldwaisb.  In  essence  it  has  dictated  what  the  market  will  be. 
So  maybe  one  solution  in  this  country  would  be  to  allow  the  price  of 
thus  fuel  to  rise. 

Mr.  Richardsok,  I  think  I  indicated  that  earlier.  I  think  the  con¬ 
sumer  should  pay  realistic  prices  for  ener^.  I  think  we  are  orfy  fool¬ 
ing  ourselves  and  creating  later  problems  if  we  are  unrealistic. 

Mr.  Brown.  That  question  is  not  for  the  committee  but  I  presume 
that  means  that  you  would  agree  the  Government  should  not  adopt 
policies  which  have  the  effect  of  depressing  energy  prices. 

Mr.  Bxchabdson.  That  is  correct.  ,  .  , 

Mr.  Gouiwaicr.  I  think  the  marketplace  will  dictate  what  mdustry 
will  reqxmd  to.  And  if  the  market  dictates  that  we  have  better  per¬ 
forming  engines  tmd  less  poUnting  engines  and  better  fuel  economy, 
then  they  ate  gomg  to  re^A _ _ ^ 


Mr.  &CHABDSON.  Certiunly  the  enei 
the  unavulidiility  of  gas,  has  had  a 


riiortages  of  this  past  winter, 
matic  effect  on  the  salability 
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of  big  oon  Mod  on  the  inereMed  maikrt  fw  small  can.  I  think  the 
marketolaee  has  responded  very  qmddy.  Faster  than  industry. 

.  Ulr.  GomwATBB.  Now  on  the  difference  in  en^ee— in  tne  United 
States  it  appean  that  we  go  into  a  very  powerful  kind  of  ei^gine  with 
lots  of  bi;&  power  whereas  the  Japanese  and  Germans  go  m  for  the 
small  engine  with  a  lot  of  high  rpm.  ThOT  use  high  rpm  whereas  we 
use  bulk  power.  Is  there  a  reason  f (Mr  that!  Is  tiiat  trust 

Ifr.  BioHABDeoK.  It  is  generally  true.  It  is  related  to  the  economics 
I  have  previous^  menticmecL  To  get  good  fuel  economy  they  so  to  a 
smaH  ti^twM^t  vehicle  which  didtates  a  small  engine,  a  smialmr  and 
lighter  engine  running  at  higher  speeds.  This  saves  on  wm^t  and 
saves  on  tuel  consumption.  the  tax  structure  with  whiw  I  am 
not  familiar  in  detail,  hut  I  think  it  also  tends— in  many  countries  ve- 
hides  are  taxed  on  the  sine  of  their  engines.  In  fact  in  some  States  in 
dns  country— Maasachusdits  used  to  Imve  a  tax  based  on  engine  dis¬ 
placement.  Or  it  was  a  fictitious  displacement  which  they  oik(L 

Mr.  Bbowk.  Thank  you  again  Mr.  Bichardson.  We  have  benefited 
emisiderably  from  your  testimony.  M^  I  just  ask,  if  we  have  addi¬ 
tional  questions  from  committee  or  staff,  would  you  be  willing  to  sup¬ 
ply  answers  to  written  mmiiiies. 

BxcmA>DBOK.  I  irould  be  happy  ta 

Mr.  Bboww.  Thmikyou. 

Our  next  witness  is  Mr.  John  W.  Bjerklie,  Manager  of  Research 
and  Development  for  the  Hague  International  of  South  Portland, 
Maine.  We  are  very  pleased  to  have  you  here  Mr.  Bjerklie,  and  we  are 
ready  to  receive  your  testimony  in  any  way  you  wm  to  sul»nit  it. 

[A  biographicu  skdch  of  Mr.  B jerhlle  follows :] 

John  W.  Bj'mKUS 

Bom  in  Grand  Fortw,  North  Dakota,  on  December  18,  1927.  Serred  la  the 
army  from  19i6  to  IMS.  Attended  the  University  of  North  Dakota,  and  gradoated 
fnnn  California  Institute  of  IVdUMdogy  in  1951  with  a  BaAelor  of  Science 
Degree  in  BItechantcal  Engineering.  Obtained  a  Master  of  Science  Degree  in 
Bngineeilng  firmn  UCLA  in  1968.  Married  to  the  f<»mer  Marjorie  C.  Maninger 
of  Pasadena,  California.  Four  chiidrmi — John,  David,  Kirsten,  and  Eaien. 

nonssionAL  caaDB 

Mr.  BJeAlie  worked  as  an  analyttcal  and  devdopment  engineer  at  Marqnardt 
Aircraft  Company,  AMF  To^,  Snndstrand  Aviation,  Mechanical  Tedmology 
Inc.,  and  is  now  Manager  (rf  Beseaidi  and  Devetopment  at  Hague  International 
in  Srath  Portland,  Maine. 

His  entire  career  has  been  devoted  to  the  origination  and  developmmit  of 
mergy  conversion  devicea  This  has  varied  from  combustion  systems  to  power 
idant  development,  and  has  indnded  system  analysis  of  the  energy  and  heat 
tnuufer  aspects  of  many  varieties  of  thermal  systems. 

Now,  for  Hague  International,  Mr.  BJerkUe  is  deveiivtng  low  emission  burners 
tor  heavy  fuato  and  h^  temperature  heat  exchangers  for  conserving  energy 
in  oU-flred  fhmaeea.  He  also  serves  as  a  consultant  to  the  Committee  on  Motor 
Vehicle  Emissions  of  the  Natlmial  Academy  of  Sciences  where  he  is  evaluating 
prospects  of  various  altmnatlve  power  plants  for  automobQes. 

mcnasiniraL  Mranras,  hohobs,  am  Awaioe 

Mr.  BJeiiclle  received  his  B8  degree  wlGi  Honors  at  Caltech,  is  a  member  of 
TBn,  national  honorary  engineering  society.  He  was  co-recipient  of  the  Manley 
Award  from  SAE  In  1964.  He  is  a  member  of  SAE,  ASMB,  AAAS,  and  tlm 
Combnstioa  InstltiHe.  He  is  a  member  of  the  Advanced  Power  Plant  Committee 
of  the  SAE.  For  the  past  four  years  he  has  organised  the  SAE  Impact  Series 
of  Panel  disensaloiis. 
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Mr.  BjMtKiJB.  Gkwd  morning  Mr.  Ch»irman,  my  name  is  John 
Bjerklie  and  I  am  manager  of  &  A  D.  for  Hague  International  of 
South  Portland,  Maine. 

It  is  my  pleasure  to  be  here  to  discuss  alternative  engines  for  auto¬ 
mobiles  and  the  role  of  NASA  in  their  development.  I  have  been 
fortunate  over  the  last  3  years  in  beiim  able  to  see  first  hand  as  a 
consuking  engineer  to  the  National  Acammj  of  Sciences  the  activities 
of  a  munber  of  wmmizations  migaged  m  developing  alternative 
engint^  Before  that  1  was  associated  directly  with  the  development 
of  various  speciahbed  powerplants  for  use  in  aerospace.  My  ounrva- 
tions  on  autom<fi>ile  engine  development  relate  both,  to  specific  prob¬ 
lem  areas  and  to  concept  develoj^c^  These  are  my  private  views,  and 
not  necessarily  those  of  the  National  Academy  of  Sciences  or  any 
other  organization. 

Any  em^e  suitable  to  the  public  must  have  low  fuel  consumption, 
be  quiet,  be  safe,  start  easy,  be  driveable,  be  serviceable,  have  good 
tolerance  to  abuse  and  neglect  and  be  low  cost.  To  fit  the  low  cost 
aspect  the  engine  must  aim  be  easily  designed  for  any  power  in  the 
uswle  horsepower  range,  must  be  ea^y  to  control,  must  be  eamly 
produced,  and  must  have  a  size  uid  wei^t  compatible  with  the 
vehicle. 

Mr.  Goudwates.  I  believe  you  have  left  out  that  they  be  low  in 
pollutants. 

Mr.  Bjiskue.  It  is  taken  for  granted. 

In  addition,  to  be  usable  in  the  future  it  most  be  able  to  handle 
a  multitude  oi  fuels,  or  even  d^erent  forms  of  stored  energy.  Aim, 
with  the  need  for  dean  urbmi  air,  urban  vehicle  must  have  low  emis¬ 
sions.  My  consulting  work  on  alternative  engines  has  been  to  help 
evaluate  their  ability  to  meet  these  prerequisites. 

The  types  of  engines  I  have  been  concerned  with  have  been  uncon¬ 
ventional  in  the  sense  that  they  are  not  now  being  produced  for  use 
in  automobiles. 

These  include  gas  turbines,  Rankine  engines,  Stirling  engines,  elec¬ 
tric  drives,  flywheel  drives  and  hybrids.  In  the  past  I  have  aim  studied 
diesel  en^fuies  and  stratified  charge  engines.  _ 

This  Iwt  does  not  exhaust  the  possibilities  for  engine  ty^  but 
represents  the  major  categories.  Except  for  the  latter  two  the  heat 
engines  are  continuous  combustion  types  and  inherently  have  low  »- 
haust  emissions.  The  diesel  and  stratified  chuge  engin^  while  in¬ 
herently  having  lower  emissions  than  conventional  gasoline  powered, 
spark  ignition  engines,  need  some  exhaust  clean  up  devices  incorpo¬ 
rated  into  the  engine  design.  Battery  and  fl3rwheel  cars  have  basically 
the  same  emisrions  as  the  central  powerplants  from  which  their 
charing  power  comes. 

Fuel  consumption  of  these  engines  in  comparison  with  gasolme 
powered,  spark  ignition  engines  vary  considerably  with  the  specific 
design,  but  appears  to  have  potential  as  follows : 

The  Stirli]^  eiqnne  is  best. 

Diesel  engine,  without  emission  controls. 

Hi^  temperature  gas  turbines,  running  around  2,500°  F. 

Stratified  diarge  engine,  without  emissicm  oontrola 
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Diesel  engine,  with  ocmtn^ 

Gasoline  peemed,  S|^k  ignitkn,  without  emisomi  controls. 

Strad&d  charge,  with  oon^ls. 

Gasoline  engine,  with  oudxols. 

Oas  tnthine,  all  metal. 

Bankine  enj^nes,  steam. 

Ranfcine  ei4pnfi&  organic  fluid. 

The  diflerences  between  any  engines  adjacent  <m  this  list  are  small 
enon^  tiud  the  ranking  ootud  change  depending  on  the  exact  con¬ 
figuration  of  the  mgine.  The  battery  and  flywheel  power^ants  can 
have  better  prima  nde  efficiency  than  any  of  those  basM  on  Btu 
equivalmits,  out  useful  energy  consnm^ion  depends  very  much  on 
wmj^  penalties  of  the  Mwerplants  and  on  the  efficiency  of  the  cen¬ 
tral  powerplant.  None  of  these  en^nes  am  be  available  in  mass  pro¬ 
duction  berore  I960,  except  for  the  diesel.  An  advanced  diesel  really 
suitable  for  antcnnobilee  as  we  know  them  in  the  United  States  will 
not  be  available  before  1980  either.  Prototy^  of  these  engines  are 
available,  but  prototypes  whi<^  can  be  oonsiaered  completely  accej^ 
able  are  not  Ltevelopment  time  can  vary  considerably  tat  some  of  we 
more  advanced  engines. 

Testing  for  60,000  miles  and  building  in  a  reliability  suitable  for 
the  general  customer  takes  several  more  years  of  development  beyond 
justc<miingup  with  a  suitable  prototype. 

The  major  development  problem  for  most  of  these  alternative 
engine  typ^  is  twofold : 

1.  Proving  their  suitability  as  automobile  engines,  as  for  Stirling, 
Bankine,  flywheel,  hybrids,  and  bi^  performance  battery  power- 
plants;  and 

9.  Ways  of  reducing  cost  while  maintaining  the  desirable  power- 
plant  characteristics. 

All  the  advanced  powerplants,  except  flywheel,  are  being  worked  on 
to  determine  their  suitability.  Mort  of  the  engines,  existi^  or 
advanced,  have  some  characteristics  which,  if  improved  technically, 
could  make  them  much  more  suitable  for  use  in  automobiles. 

There  is  not  encmgh  such  advanced  development  work  going  on,  even 
for  some  of  the  presently  accepted  engines.  Also,  there  is  not  enou^ 
work  going  on  to  bring  along  variations  of  major  alternative  types 
that  could  have  improved  characteristics  over  the  basic  form  of  the 
alternative. 

I  have  listed  in  the  written  statement  the  R.  &  D.  areas  that  would 


need  work,  if  we  are  to  get  a  reasonably  well-rounded  approach  to  a 
broad  spectrum  of  alternative  powerplants  for  automobiles  and  better 
wSys  to  tegethem. 

Work  emphasis,  based  on  probability  of  positive  return,  should  be 
on  combustion  for  all  ty^  ot  heid;  engines,  ceramics  for  hi^-tonpera- 
ture  gas  turbines  and  l^irling  ei^nes,  high-performance  batteries, 
new  energy  sources  other  than  fossu  fuel  conversion,  and  sjrstem  stud¬ 
ies  of  lo^  and  national  transportation  networks  incorporating  many 
ty^  of  vehicles  and  devices. 

My  personal  opinion  is  that  we  should  be  worUhg  for  something 
much  broader  than  improved  engines.  We  need  to  improve  the  whole 
enei:gy-tranroortstion-ecol<^  situation. 

should  aim  to  deliver  anybody  or  anything  in  the  United  States 
to  anyplace  else  in  the  country  in  a  matter  of  24  &urs  or  so.  We  should 
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not  commi;  dties.  We  dxnild  aaekt  freedom  of  nwvmDeiit  in  nrbeii 
areas.  We  should  allow  escape  to  rural  areas  when  denied.  We  shotild 
not  sniously  oontaminaie  uroaa  air.  We  ihoald  not  use  up  Wge  frac¬ 
tions  of  the  yeariy  prodaotion  of  nrkieal  metals.  We  should  not  cause 
the  consumer  any  mote  capital  ouUay  for  tranqwrtation  than  he 
bears  now.  We  dmald  use  no  more  than  about  one-tpmiter  of  the  pres¬ 
ent  capita  energv  expenditute  for  aU  our  trani^xntation  needs. 
Bumieatkm  of  derw^nneirt  efforts  is  demrable  in  that  one  man’s 
failure  may  lead  to  ankhn*  man’ls  sooceas.  And  we  will  need  suocees. 
^  Thisaetof  goals  is  not  a  dream,  it  is  the  logical  result  of  using  ezten- 
thms  of  present-day  technidogn^.  It  is  possible  if  derelopmeat  con¬ 
tinues,  if  there  is  c<mtinued  dramtion  and  study  of  the  problem,  and 
if  there  m  htfoimation  available  for  effective  le^slative  and  executive 
planning 

MtHe  num  heing  a  posable  goal,  some  such  goal  as  this  is  necessary 
if  ^  are  to  maintoin  viaUe  cities,  bnathaUe  air,  a  thriving  tranqiw- 
tation  systmn,  and  a  vital  «iergy  i^rstem  that  can  teke  care  of  a  growing 
population  emburdened  with  foreeeeidile  and  ever-succeeding  arises 
upon  crises: 

The  devdojRneiit  of  engines  for  ground  tran^>ottati<Hi  is  obvioutiy 
only  a  small  part  of  an  ovoraii  problon  which  promises  to  worsmi. 
The  real  proUem  is  one  of  improving  the  whole  system  of  energy- 
tranqK>rt«ti<m-eo(dogy.  The  possible  smutions  will  come  in  parts,  and 
m  w  not  be  fixed  solutiona  for  all  locations. 

We  need  to  have  a  system  that  can  nurture  concepts  and  ideas  all 
the  way  from  the  idea,  through  the  embryo  concept,  to  the  acoepta- 
bl^iQtotype,  and  then  to  the  marlcetable  prodnct. 

^oit-tenn  goals  imposed  by  both  industry  and  Gkivernmemt  pre¬ 
clude  the  nurturing  of  oonoe^  that  may  be  a  little  far  out.  Conserva¬ 
tism  has  to  be  the  name  of  the  game  with  the  group.  We  need  a 
group — or  groupa— tiiat  can  look  over  new  conce^  with  the  eye  of 
an  eatr^mneur  and  the  vision  of  a  futurist,  if  we  are  going  to  get 
the  energy  and  transportation  system  we  need  that  will  serve  tiie  pub¬ 
lic  maurtain  an  improved  ecology.  We  are  generally  missing  in  bo^ 
industry  and  Government  agenaes  the  vision  and  entrepreneurriiip 
required.  The  capability  for  exploiting  the  unusual  rests  with  many 
frmthinking  people  acting  with  entrepreneural  incentives. 

Accqitalwty  of  an  engine,  or  uiy  concept,  also  follows  particular 
patterns.  The  forces  at  work  which  drtermine  whether  a  concept  is 
r^t  or  not  are  fourfold:  Technical  acceptability,  economic  accepta¬ 
bility,  politics^  acceptability,  and  social  acceptability. 

A  pcofect  technical  solutimi  accepted  by  the  whole  tedmical  c(»n- 
munity  is  valueteas  if  not  subscribed  to  as  an  appnmriate  response  by 
the  econmnic  «nd  business  community  and  by  the  public. 

A  perfect  political  solution  in  the  eyes  of  both  industry  management 
and  govemmmit  managers  and  politicians  is  valueless  unless  it  is  sub- 
serioed  to  as  an  ajmrepriate  re^xmae  by  the  econcHnic  and  buiaieas 
omamunity  mid  fay  the  public. 

On  the  other  hand,  the  ec<Hiomic  and  public  are  dananding  groups. 
They  are  always  at  work  and  continually  interacting.  In  o^inaiy 
everyday  life  there  is  no  interaction  with  the  technical  and  political 
communities — only  with  each  otiier.  This  is  true  so  Icmg  as  we  are  deal¬ 
ing  with  a  capHa^stio  society.  However,  whoi  a  problem  arises  and 
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there  ie  s  from  (me  or  the  othM^  gtoup,  the  teehni<5al  aoid  po- 

liticel  <»numiniti««  respond. 

It  is,  theralore,  ckur  thst  the  interpky  between  M^ticel  f orcee  and 
fawhwiftBl  foeoea--faoth  of  them  leq^oosiTe  and  not  ifemanding  f(HroeB— 
is  inapproptiate  for  introda<ung  new  <xincept& 

In  SQKNct,  the  mode  of  satudEying  the  public  ahould  be  settled  in  the 
arena  of  poldk  and  e(x>nomic  interplay — ente^rise.  Policies  and 
tools  are  the  rangier  role  of  the  pobticid  and  technical  communities  in 
our  sodety.  This  does  not  preclude  their  oUigation  to  make  their  in¬ 
fluence  felt,  however. 

TIm  appropriate  use  of  creativity,  wherever  it  may  (wcur,  is  erne  of 
the  beet  tools  available. 

A  prime  ezsaple  of  creativity  in  Auyne  develc^ment  with  an  on- 
trepreneurial  incentive  to  develop  a  salable  product  is  the  Carter  fam¬ 
ily  of  Bui^urnett,  Tez.  For  a  very  small  amount  of  their  own  money, 
coitW  with  their  own  (xmoepts,  uid  in  a  relatively  dumt  time,  they 
devw^wd  a  steam  engine  to  preproto^irpe  status,  installed  it  in  a  oar, 
and  measured  its  mileage  and  emudona. 

It  was  the  first  Rankine  engine  to  demonstrate  in  a  real  driving 
cycle  the  ability  to  meet  the  1977  emission  standards.  Its  mileage  was 
apprazimately  20  to  25  perc^  lower  than  the  Volkswagen. 

In  my  opiniem,  that  stoam  engine  is  te(hnically  the  beet  one  of  the 
recent  spate  of  stoam  engines  and  other  Rankine  engines  being  devel¬ 
oped  with  either  private  or  Government  funds.  All  me  other  develop¬ 
ment  engines  used  much  more  money,  at  least  a  factor  of  10  greater  m 
all  casef^  and  have  not  progressed  so  far  so  fast.  Alsc^in  my  opinion, 
it  promises  to  be  the  most  economically  viable  of  the  Rankine  engines 
being  devel<qMd. 

It  18  very  azponsive  to  go  from  the  prototype  through  the  acceptable 
prototype  and  then  into  production.  Only  big  industry  and  tJb»  Gov- 
enunent  Imve  the  wherewithal.  But  the  incentive  ezists  only  in  in¬ 
dustry  to  introduce  a  complete,  new,  profitable  ^stom  that  serves  the 
needs  of  the  genmal  public. 

Whatever  transportation  system  evedves  will  undoubtedly  maintain 
the  auto  as  a  major  <»mp<Hient,  but  the  other  components  will  have  to 
serve  as  well  as  the  auto  does  m  its  better  aspects,  if  it  is  to  be  com¬ 
pletely  acceptable. 

But  the  auto  indus^  would  like  to  hold  status  quo.  It  has  to  be 
urged  by  law  to  meet  its  social  oblivions  as  soon  as  such  obligations 
io»  like  a  liability  or  unprofitable.  And  it  has  too  short  a  planning 
time  in  many  ways. 

On  the  other  hand,  the  Government,  too,  has  short-term  goals  with¬ 
out  adequ^  long-tc^  planning — long  term  meaning  more  than  10 
years,  l^ically — and  it  ignores  the  entrepreneurial  a^>ects  of  new 
ccmcepts. 

Neither  the  Government  nor  industry  has  a  particularly  good  rec¬ 
ord  va  elKiOBing  for  new  development  the  most  promising  concepts 
suit^le  for  long-term  use.  But  they  both  have  mcmey  with  which 
engine  dev^pmeot  oonld  be  done.  Xlso,  the  technical  incentive  ezists 
in  Ixith  bodies  to  do  a  good  socially  conscious  engineering  job  (m  new 
aigiBes;that  is,  technical  incentive. 

In  the  meantime,  most  concepts  are  killed  off  in  both  groups  by  low 
funding  and  strict  oitique  at  too  early  a  stage.  Who,  then,  is  in  a 
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portion  to  nurture  new  concepts  suitable  for  the  future  and  still  re¬ 
main  practical  enough  to  satisfy  industry  ? 

Considering  the  technical  needs  for  alternative  engine  development, 
the  limitations  of  both  Government  and  industry,  the  requirements 
for  logical  development  of  new  concepts,  and  the  manner  c*f  accept¬ 
ance  of  new  concepts,  there  is  a  logical  role  for  NASA  and  similar 
Government  orgamzations  to — 

1.  Conduct  ^  &  D.  on  the  most  costly  elements  of  an  overall 
program,  making  the  findings  available  to  everyone ;  and 

2.  Conduct  system  studies  on  overall  energy-transportation- 
®®ology  considerations  for  urban  and  interurban  travel,  making 
the  findings  available  to  everyone. 

Engine  development,  as  such,  should  be  left  where  the  entrepreneu¬ 
rial  incentive  is — in  the  hands  of  industry,  small  business,  and  the 
inventor. 

Whatever  group  does  the  complete  job  should  be  funded  by  both 
Government  and  industry,  should  be  responsive  to  free  enterprise  in- 
wn^ves,  should  work  under  long-term  planning,  should  be  liberal  in 
initial  funding  of  promising  concepts,  ^ould  not  be  reluctant  to  du¬ 
plicate  effort,  and  should  confer  liberally  with  other  social,  political, 
economic,  and  technical  groups  having  deep  concern  for  the  future. 

In  all  probability,  two  or  more  competitive  groups  should  be  set  up 
so  that  there  is  recourse  for  the  prospective  developer.  It  should  serve 
as  an  information  center  as  well  as  an  embryo  concept  screening  and 
funding  center. 

As  such,  it  should  staff  itself  to  be  aware  of  material  resources  use 
and  availability.  It  should  be  able  tc  investiagte  alternative  energy- 
transportation-ecology  considerations  as  new  concepts  are  proposed. 
It  should  investigate  new  engines,  new  means  of  transport,  mixes  of 
transport  to  meet  urban  needs  and  rural  needs,  and  air,  water,  anr’  land 
pollution.  It  should  not  be  subject  to  overall  scheduling,  although  task 
scheduling  and  goal  setting  are  imperative.  It  should  be  reviewed  by 
a  mix  of  industry,  government,  institutional,  small  business,  and  pub¬ 
lic  evaluators,  with  goals  and  leadership  subject  to  change  thereby. 

While  this  may  be  too  simplistic,  I  feel  it  absolutely  necessary  to 
have  such  a  group,  if  we  are  to  preserve  for  a  long  time  our  existing 
transportation  benefits;  such  as,  freedom  of  movement;  freedom  of 
choices  on  method,  time,  and  destination  of  transport ;  ability  to  make 
profit  from  viable  concepts ;  and  the  ability  of  our  industry  and  Gov¬ 
ernment  to  respond  to  local  and  general  needs. 

Other  incentives  properly  placed  may,  also,  do  well  for  our  Nation. 
Such  incentives  could  take  the  form  of  subsidies  or  tax  rebates  to  re¬ 
ward  the  user  and/or  manufacturer  that  cooperates  with  attempts  to 
solve  the  critical  air  quality  and  urban  congestion  problems  in  stricken 
areas. 

Likewise,  it  could  be  made  to  exact  recompense  fr  i  those  who  could 
do  something  about  the  problem  and  do  not,  these  are  the  drivers  of 
high  emission  cars  in  stricken  areas;  the  producers  of  high  emission 
vehicles;  the  producers  of  automotive  fuels  bearing  sulfur,  nitrogen, 
and  high  boiling  ends;  and  the  urban  governments  not  instituting  de¬ 
congesting  and  low-emission  transportation  programs. 

It  is  not  unreasonable  to  ask  that  public  transportation  should  offer 
all  the  advantage  of  autos — freedom  of  movement,  convenience,  low 
cost,  relative  privacy  and  protection,  and  as  much  prfc.:,tige  as  de- 
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manded.  Incorporation  of  Federal  highway  funding  would  possibly 
assure  a  more  well-rounded  program. 

Subsidies  that  reward  behavior  which  assists  achievement  of  the 
social  benefits  of  clean  air  and  urban  decongestion  can  bring  about  the 
large  changes  we  need  in  our  afflicted  urban  areas. 

In  summary,  the  requirements  for  achieving  a  viable  energy-trans¬ 
portation-ecology  system  resolve  down  to  only  a  few  general  needs: 

1.  Support  R.  &  D.  work  in  specific  costly  areas :  Ceramics,  combus¬ 
tion,  new  fuels,  batteries ; 

2.  Support  study  of  overall  energy-transportation-^ology  systems 
to  meet  some  overall  national  goals  and  goals  for  specific  localities; 

3.  Support  for  initial  devekipment  of  embryo  concepts  regardmg 

engines,  mels,  and  transportation ;  next,  i 

4.  Linkage  of  these  supported  technologies  to  economics,  political, 
and  social  need  for  both  national  and  local  areas ;  and  last,  _ 

5.  Support  of  incentive  programs  in  stricken  areas  for  urging  local 

clean  air  and  decongestion.  ,  .  .  -ui  ^  j 

It  is  hoped  that  it  has  been  made  clear  that  it  is  * 

much  better  job  than  we  are  doing,  or  that  is  envisioned  in  H.K  10392, 
of  improving  our  quality  of  life  through  a  thorough  approach  to  the 

problem.  Thank  you.  ,  ,  •  .  „  i 

[The  complete  prepared  statement  of  Mr.  Bjerklie  follows :  J 
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Statement  for  hearings  ou  HR  1039? 

by  John  U*  8jerklis»  Manager 
of  R  and  0 
Hague  International 
South  Portland,  Maine  < 

It  la  my  purpose  here  to  discuss  alternative  engines  for  automobiles 
and  the  role  of  NASA  in  their  development.  1  have  been  fortunate  over 
the  last  three  years  in  being  able  to  see  first  hand  as  a  consulting 
engineer  to  the  National  Academy  of  Sciences  the  activities  of  a  number 
of  organizations  engaged  in  developing  alternative  engines.  Before  that 
I  uaa  associated  directly  ulth  the  development  of  various  specialized 
power  plants  for  uae  in  aerospace.  My  obeervations  on  automobile  engine 
development  relate  both  to  specific  problem  areas  and  to  concept  development. 
These  are  my  private  views,  and  not  necesearily  those:  of  the  National 
Academy  of  Sciences  or  any  other  organization. 

Any  engine  suitable  to  the  public  must  have  low  fuel  consumption, 
be  quiet,  be  safe,  start  easy,,  be  driveable,  be  serviceable,  have  good 
tolerance  to  abuse  and  neglect  and  be  low  cost.  To  fit  the  low  cost 
aspect  i.ne  engine  must  also  be  easily  designed  for  any  power  in  the 
usable  horsepower  range,  must  be  easy  to  control,  must  be  easily 
produced,  anq  must  have  a  size  and  weight  compatible  with  the  vehicle. 

In  addition,  to  be  usable  In  the  future  It  must  be  able  to  handle  a 
multitude  of  fuels,  or  even  different  forme  of  stored  energy.  Also,  ulth 
the  need  for  clean  urban  air,  urban  vehicles  must  have  low  emiBSlone.  My 
consulting  work  on  alternative  engines  has  been  to  i<i2lp  evaluate  their 
ability  to  meet  these  pre-requisites. 

Tha  types  of  engines  1  have  been  concerned  with  have  been  unconventional 
in  the  sense  that  they  are  not  now  being  produced  'or  use  in  automobiles. 

These  include  gas  turbines,  Rankine  engines,  Stirling  engines,  electric 
drives,  flywheel  drives,  and  nybrxde.  In  the  past  1  have  also  studied 


466 


dtsael  engines  and  etratlfled  charge  engines.  This  list  does  not 
exhaust  the  possibilities  for  engine  types  but  represents  the  major 
categorise.  Except  for  the  latter  tuo  the  heat  engines  are  continuous 
combustion  types  and  Inherently  have  lou  exhaust  emissions.  The  diesel 
and  stratified  charge  engines,  uhlla  Inherently  having  lower  emleslona 
than  conventional  gasollna  powered,  spark  Ignition  engines,  need  some 
exhaust  clean  up  devices  Incorporated  Into  the  englnu  design.  Battery 
and  flywheel  cars  have  basically  the  same  emissions  as  the  central  power 
plants  from  which  their  charging  power  comes. 

Fuel  consumption  of  these  engines  In  comparison  with  gasoline 
powered  spark  Ignition  engines  vary  considerably  wlin  the  specific 
design,  but  appears  to  have  potential  as  Tuilowe; 

Stirling  engine  -  best 

Diesel  engine  (without  emission  controls) 

High  tamparature  gas  turbines 

Stratified  charge  engine  (without  emission  controls) 

Diesel  engine  (with  controls) 

Gasoline  powered  spark  ignition  (without  emission  controls) 
Stratified  charge  (with  controls) 

Gasoline  engine  (with  controls) 

Gas  turbine  (all  mstal) 

Ranklne  engines  -  steam 
Ranklne  engines  -  organic  fluid 

The  differences  between  any  engines  adjacent  on  this  list  are  small 
enough  that  the  ranking  could  change  depending  on  the  exact  configuration 
of  the  engine.  The  battery  and  flywheel  power  plants  can  have  better 
prlma-facle  efficiency  than  shy  of  those  based  on  BTU  equivalents,  but 
useful  energy  consumption  depends  very  much  on  weight  penalties  of  the 
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PQuer  plants  and  on  the  arflency  of  the  central  power  plant*  For  the 
future  the  efficiencv  comparlaana  concerning  any  of  tht'.fia  engints 
will  be  better  made  on  an  energy  cuat  beala  rather  than  i  BTU  L.itaia. 

Aa  of  now  the  heat  angina  fuel  uuata  are  laaa  than  for  the  eltctrlcally 
charged  vehicles.  For  now  the  heat  vigine  ranking  remains  esaentially 
the  aame  whether  conaidarlng  BTU  or  coat. 

The  elapaed  time  before  any  nf  thaae  power  plant:,  could  be  introduced 
to  the  public  extends  well  into  the  19d0*s.  Engines  of  particular  types 
can  be  built  now  to  operate  In  care,  in  fact  there  are  cars  now  operating 
with  all  of  these  power  plants  except  for  organic  U  .‘ikine  and  flywheel 
types.  Buses  with  these  two  kinds  of  power  plants  have  been  operated, 
however.  This  does  not  imply  that  these  prototypes  are  suitable  for  use 
in  the  American  automobile  aa  we  have  known  it. 

A  typical  time  span  for  developing  a  suitable  prototype  engine  varies 
from  about  a  year  for  an  uncontrolled  spark  ignition  engine  to  aever:^! 
decadaa  ^nr  the  advanced  engines.  On  a  crash  beala  we  could  expect  that 
gas  turbiti.'s  or  Stirling  engines  would  take  ««a  nujch  as  four  years  to  be 
developed  into  a  suitable  prototype  engine  starting  from  today's  technology. 
Renklne  engines  would  be  either  shorter  or  longer,  depending  on  which  type  is 
being  considered.  Suitable  prototype  battery  care  could  be  developed  in  a  feu 
years  using  existing  battery  technology,  but  would  not  be  very  competitive 
vehicles.  High  performance  batteries  may  be  a  decade,  or  eo,  away  even  with  lots 
of  development.  Diesel  engines  also  need  considerable  development  time  if  they 
are  to  be  made  significantly  lighter,,  cleaner,  and  less  costly  than  they  are  now. 
Stratified  charge  engines  are  relatively  abort  term  development  engines  for 
some  types,  but  can  also  extend  into  years  for  other  types. 

Once  a  suitable  prototype  la  reached,  the  proof  testing  and  tooling  can 
extend  over  another  six  to  ten  years  before  eignif leant  production  is  reached. 
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The  major  development  probim  for  moat  of  theae  alternative  engine  typee 
ie  tuofold: 

1)  proving  their  auitability  aa  automobile  enginea,  ea  for  Stirling, 
Ranklna,  flyyheel»  hybrids,  and  high  performance  battery 

power  plants,  and 

2)  uaya  of  reducing  cust  while  meintaining  the  desirable  power  plant 
characteri sties* 

All  the  advanced  power  plants,  except  flywheel,  are  bel ig  workeo  on  to 
determine  their  suitability*  Host  of  the  engines,  existing  or  advanced,  have 
some  characteristics  which,  if  improved  technically,  could  make  them  much 
more  suitable  for  use  in  eutomobilea*  There  is  not  enough  such  advanced 
development  work  going  on,  ev^n  for  some  of  the  presently  accepted  engines* 
Also,  thrre  is  not  enough  work  going  on  to  bring  along  variations  of 
major  alternative  types  that  could  have  improved  characterlatica  over  the 
basic  form  of  the  alternative* 

The  R  and  0  aiudS  that  are  needed  for  furthering  the  development  of  a 
broad  spectrum  of  power  plants  suitable  for  autanobilee  are  tabulated 
at  the  end  of  this  statement* 

Uork  emphesia,  based  on  probability  of  positive  return,  should  be 
on  combustion  for  all  types  of  heat  engines,  ceramics  for  high  temperature 
gas  turbines  and  Stirling  engines,  hijh  performance  batteries,  new  energy 
sources  other  than  fossil  fuel  conversion,  and  system  studies  of  local 
and  national  transportation  networks  incorporating  many  types  of  vehicles 
and  devices* 

Some  aspects  uf  these  R  end  0  areas  are  now  being  worked  on  by 
government  agencies  and  in  induetry,  but  none  of  them  ax^:.  being  worked 
on  to  the  degree  necessary  to  produce  either  a  viable  elternative  engine 
in  the  next  20  years,  or  an  improvsd  overall  transportation  system,  or  s 
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long  lasting  solution  to  ths  snsrgy  problsm.  All  theas  aspacts  must  Oe 

faced  If  tps  Anarican,  and  the  uorld'a,  people  are  to  see  an  improving 

enargy-tranaportation-acolog/  aituation.  A  auitable  range  of  solutions 

and  altemativaa  must  Pe  avallabls  for  rapid  institution  so  that  in  tan 

to  tuenty  yaara  from  nou  ua  can  be  on  track  toward  a  high  parfomsnce 

transportation  aystam.  This  system  should  ba  able  to  deliver  anybody  or 

anything  in  tha  Unitad  States  to  anyplace  alas  in  the  country  in  a  matter 

of  2b  hours,  or  ao.  It  sbould  not  congest  cltlea.  It  should  assist 

freedom  of  movement  in  urben  areee.  It  ahould  allow  eacape  to  rural  areas 

when  desired.  It  should  not  seriously  contaminate  urban  air.  It  should  not 

use  up  large  fractions  of  the  yserly  production  of  rritlcal  metals.  It 

should  not  cause  the  consumer  any  more  capital  outlay  for  trsnaportetlon 

than  he  bears  now.  It  should  use  no  more  than  about  one  quarter  of  the 

present  per  capita  energy  expenditure  for  all  our  transportation  needs.  Duplication 

of  development  efforts  may  be  desirable  in  that  ones  man's  failure  may  lead 

to  another  man's  success  -  and  ue  will  need  success. 

This  set  of  goals  is  not  a  dream,  it  is  the  logical  result  of  using 
extensions  af  present  day  technology.  It  possible  if  development 
continues,  if  there  is  continued  definition  end  study  of  the  problem,  and 
if  there  is  information  svsilable  for  effective  legislative  and  executive 
planning.  Hore  than  being  a  possible  goal,  some  such  goal  as  this  is 
necessary  if  ue  are  to  maintain  viable  cities,  breathable  elr,  a  thriving 
transportation  system,  and  a  vital  energy  eyetem  that  can  take  care  of 
a  growing  population  emburdened  ulth  forsseeeble  and  ever  succeeding  crises 
upon  crises,  tue  can  avert  most  of  these  crises  by  providing  the  basis 
for  recovery  before  they  begin.  If  ue  don't,  there  uill  one  dey  be  a 
crisie  ue  cannot  cope  ulth  in  time  to  prevent  the  mess  of  humanity  from 
plunging  to  the  edge  of  misery.  Massive  breskdoun  of  our  uay  of  life  is 
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a  distinct  possibility  If  Information  and  conaninlcatlon  on  viable  alter- 
nstlwas  to  fexlatlng  tacnnology  and  aoetatal  foundatlona  are  not  avallabl. 

In  times  of  crisis. 

The  davelopeient  of  anginas  for  ground  transportation  la  obviously 
only  a  small  part  of  an  overall  problam  which  promlaas  to  uorean.  The 
real  problas  la  one  of  Improving  the  whole  system  of  snergy-  traneportatlon- 
acology.  The  possible  solutions  will  come  In  parts,  and  may  not  be  fixed 
solutions  for  all  locations.  Origination  of  potential  solutions,  their 
development,  and  their  institution  are  the  problems  that  relate  to  the 
role  of  varloua  groups  In  this  overall  endeavor. 

NASA  has  In  the  past  worked  on  critical  problems  of  airplanes  and 
engines,  and  attslrably  assietad  the  aircraft  Industry  when  It  was  NACA.  Some 
of  the  NASA'S  high  technology  areas  ware  maintained  and  others  were  allowed 
to  diminish  in  capability  when  it  became  NASA  and  tackled  the  space  program. 
Cmphaala  was  placed  on  management  of  programs  for  a  well  defined  goal. 

Ground  transportation  problems  Involve  the  overall  system,  which  NASA 
should  be  able  to  study;  it  Involves  high  technology  for  general  use  by 
engine  companies,  to  which  NASA  in  the  pest  has  been  able  to  contribute; 
and  It  involves  engine  and  vehicle  ueveloptent,  which  NASA  has  done  only 
on  a  management  basis  for  a  particular  type  problem.  The  overall  system 
studies  are  not  now  being  done  well  by  Industry,  ttie  general  technology 
work  la  being  done  in  part  by  Industry,  and  the  engine  and  vehicle  work 
Is  being  done  well  by  industry  on  a  cwspetitlve  basis  -  particularly  with 
regard  to  care  and  trucka.  The  type  of  work  being  done  on  the  part  of 
NASA  and  industry  Is  clear  -  NASA  doss  wall  where  it  doesn't  compete, 
and  Industry  does  well  where  It  does  compete.  The  logitel  extension  of 
this  concept  la  that  NASA  should  only  be  Involved  in  nigh  technology 
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Involving  engine  end  vehicle  componente  and  in  tnc  -itudy  of  overell 
systeme  problema.  Industry,  by  the  sene  token,  should  continue  with  the 
competitive  development  of  complete  engines  and  vahlclss. 

The  way  In  which  dsvelopmsnt  o'-curs,  aalectlon  of  sccaptable  concepi-v, 
their  method  of  selection  for  development  end  for  lntrod<ii:tlon  to  the 
market,  and  the  limitations  of  the  development  groups  era  all  Important 
to  clarifying  the  role  of  NASn-llke  orgenlratlons  and  Industry.  Such 
consldaretlons  also  suggest  Improved  methods  of  hsndllng  the  problmn  of 
dr  eloping  new  engine  and  trsnaportatlons  concepts. 

A  typical  development  program  goes  something  as  follows.  Uhenever  a 
new  problem  arises,  myriad  solutii-'is  sre  conceptsd.  but  are  quickly 
narrowed  down.  This  process  la  Inexpensive.  Dsclsiona  are  than  ride  es 
to  which  concepts  should  be  carried  on.  The  critical  tlirn  for  a  cuncept 
la  after  Initial  evaluation  and  before  such  darlslona.  It  la  extremely 
easy  to  kill  a  good  concept  at  this  time  by  being  too  cursory  with  it  or 
too  demanding  of  It  before  it  Is  inveatlgated  sufficiently.  It  is  at 
this  time  that  concept  review  by  people  with  vision  is  required  and  when 
an  entrepreneurial  Insight  is  extremely  vsluabls. 

Selected  concepts  are  developed  to  fit  the  technical  problem  best 
and  at  the  same  time  match  the  natural  evolution  of  the  existing  system 
Into  which  they  must  fit.  This  is  the  expensive  part  of  development 
programs.  Because  of  the  large  expense  the  choice  programs  are  usually 
conservative.  They  eventually  are  fitted  to  the  requirements  at  hand 
and  are  readied  for  the  market.  The  market  than  sorts  out  the  most  viable 
concept. 

Ue  are  generally  missing  In  both  big  industry  and  government  agencies 
the  vision  and  entrepreneurship  required  to  bring  along  the  moat  commercially 
promising  concepts  that  are  somewhat  out  of  the  ordinary.  The  capability 
for  exploiting  the  unusual  rests  with  many  free  thinking  people  acting 
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ulth  entraprannirlal  incantlues. 

Accaptablllty  of  an  angina,  or  any  concept,  also  follous  particular 
pattarna.  Tha  forcaa  at  uork  uftlch  datarailna  uhether  a  concept  la  right 
or  not  era  fourfold  -  tachnlcal  acceptability,  acononlc  acceptability, 
political  acceptability,  and  aoclal  accaptablllty.  Technical  acceptability 
of  a  product  la  maeaurad  by  Ita  ability  to  parfonii,lta  characterlatlce 
In  uaa,  Ite  manufacturability,  and  Ita  coat.  Normally  a  technical  effort 
to  develop  acceptable  coiu  ;,ita  followa  daaianda  aet  up  either  economlcaly 
or  auclally.  It  la  a  reaponae.  A  perfect  technical  aolutlon  accepted 
by  the  uhole  technical  community  la  valualaaa  If  not  aubacrlbed  to  as 
an  appropriate  reaponae  by  the  economic  and  bualneaa  cu..munlty  and  by  the 
public.  The  SST  la  a  good  uxample  of  an  unacceptabla  good  technical  concept. 

Llkeulae,  political  motivation  touard  a  particular  aolutlon  la  not 
enough.  It,  too,  la  normally  a  reaponae  that  mu-.t  be  tempered  by  the  other 
forcea.  A  perfect  political  aolutlon  In  tha  eyee  of  both  Induatry  management 
and  governmen'  .nagera  and  pollticlana  la  valueleaa  unleaa  It  la  aubacrlbed 
to  aa  an  appropriate  reaponae  by  the  economic  and  bualneaa  community  and 
by  the  public.  Thn  dlfflcultlea  In  motivating  Induatry  and  the  public 
folloulng  the  clean  air  act  la  a  good  example  of  thla. 

□n  the  other  uand,  the  economic  and  public  are  dananduig  groups. 

They  are  always  at  uork  and  continually  Inter.u'tlng.  In  ordinary  everyday 
life  there  la  no  Interaction  ulth  the  technical  end  political  communities  • 
only  ulth  each  other.  This  la  true  so  long  as  we  dealing  ulth  a 

capitalistic  society.  However,  when  a  problem  arises  and  there  la  a 
demand  from  one  or  the  other  group  the  technical  and  political  communities 
respond. 

It  la,  therefore,  clear  that  the  Interplay  between  political  forces 
and  technical  farces  -  both  of  them  responsive,  and  not  demanding  farces  - 
Is  Inap.  roprlate  for  introducing  new  concepts. 

An  indication  of  the  difficulties  Is  seen  In  the  space  program  Itself  - 
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a  marlaga  of  political  and  tachnical  comnunltlea  to  acrompliah  a  given 
end.  It  certainly  intaraated  the  public  at  firat,  but  it  uaa  not  niaeed 
greatly  when  ita  effort  uaa  raducad.  It  intaraated  the  economic  community 
to  the  extent  that  profit  could  ba  made  on  the  axpanditurea,  but  economic 
fall  out  in  tama  of  nau  producta  uaa  too  little  to  epur  the  economy  except 
in  local  araaa.  Tha  feeling  of  unacceptance  haa  extended  into  the 
competltlua  tachnical  uorld  reapondlng  to  normal  public  ana  economic  oenands 
to  tha  extent  that  a  qualified  man  trained  in  the  aeroapace  induetry  haa 
a  difficult  time  finding  a  poaltion  or  feeling  comfortable  in  the  noimel 
technical  uorld.  It  may  take  yeare  before  an  aeroapace  men  cen  contribute 
B8  he  should  ih  the  competitive  technical  uorld. 

In  abort,  the  mode  of  eatiafying  the  public  ahould  be  settled  in 
the  arena  of  public  and  economic  interplay  -  free  enterpriae.  Policies  and 
tools  are  the  proper  role  of  the  political  and  tachnical  ccmmunitles  in  our 
society.  This  doaa  not  preclude  their  obligation  to  make  their  influence 
felt,  houavar. 

The  pattern  of  hou  concepts  originate  is  as  important  to  recognize 
aa  the  pattam  of  davalopmant  and  acceptability.  These  patterns  may  make 
clear  uhere  us  cen  expect  to  find  needed  concepts. 

The  concept  itself,  irrespective  of  ita  acceptability,  can  originate 
enyuhera  in  the  tachnlcal-ecanamlc-palitlcal-socisl  circuit.  New  engine 
concepts  era  usually  introduced  in  the  technics!  community,  albeit 
Robert  Stirling,  the  inventor  of  the  Stirling  engine,  use  a  minister.  The 
technical  community  is  a  complex  system  wherein  engineers  end  sclsntiets 

collectively  work  in  nany  different  environments. 

Technical  msn  vary  in  the  quantity  and  quality  of  their  creativity.  By 

and  large,  a  creative  man  in  one  environment  will  also  be  creative  in  soother. 
But  a  creative  parson  depending  on  develo^snt  of  aelsable  products  for 
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continuing  hla  ampioynant  ulll  hsua  the  incentive  to  acreen  out  concepta 
that  uill  not  lead  to  publicly  aocaptabla  producta,  or  that  won't  yield  to 
reaaonably  rapid  development  and  coavetitive  price,  even  though  auch  concepta 
may  be  interesting.  On  the  other  hand,  a  craatlva  person  depending  on 
creating  technically  intsraating  reeulta  in  return  for  continuation 
of  employment  ulll  have  incantiva  to  dig  aver  deeper  nnd  to  more  thoroughly 
underatand  hla  technical  problem.  This  aometlnea  precludes  his  ability 
to  make  daciaiona  appropriate  to  rapid  development  of  a  concept.  Also, 
a  craatlva  paraon  who  ia  of  such  a  stature  that  ha  need  not  worry  about 
continuation  of  employment  uill  follow  hla  head  into  interesting  areas 
that  may  do  the  public  some  good  as  opposed  to  simply  satlafylng  his  boss. 

This  last  category  ia  not  very  numeroua.  It  ia  fortunate  in  our  society 
that  we  can  use  these  three  types  of  creative  people.  However,  the  three 
types  thrive  beat  in  different  environmanta. 

A  prime  example  of  creativity  in  engine  development  with  an  entrepreneurial 
incentive  to  develop  a  saleable  product  la  the  Carter  family  of  Burkbumett, 
Texas.  For  a  vary  small  amount  of  their  own  money,  mostly  with  their  own 
concepts,  and  in  s  ralatlvsly  short  tima,  they  davelopad  a  steam  engine 
to  pre-prototype  status,  installed  it  in  a  car,  and  msesured  its  mileage 
and  emlsaions.  It  vaa  tha  first  Rankins  angina  to  demonstrate  in  a  real 
driving  cycle  the  ability  to  meet  tha  1977  emiealon  standards.  In  my 
opinion,  that  stsam  engins  is  technically  the  bast  one  of  the  recent  spata 
of  steam  anginas  and  other  Ranklne  enginea  being  devalopsd  with  either  private 
or  government  funds.  All  the  other  davelopmsnt  engines  used  much  mors 
money  (at  least  a  factor  of  !□  greater  in  all  caasa)  and  have  not  pro¬ 
gressed  so  far  ao  fast.  Also,  in  my  opinion,  it  promises  to  be  the  most 
aconomically  viable  of  tha  Rankins  anginas  being  developed.  Iilhereas  I 
think  steam  engines  ulll  have  a  limited  market,  this  is  still  an  excellent 
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example  ehoylng  aeveral  things: 

1)  ^lod  brains  are  not  concentrated  In  any  particular  location, 
agency,  or  company; 

2)  entrepreneurial  brewery  la  still  rampant  In  thit^  country,  and 

3)  with  proper  incentiwe,  a  commercially  oriented,  technical  product 
can  be  developed  in  a  timely  end  economic  faahlon. 

This  type  of  activity  should  .  encouraged,  but  it  is  the  kind  uaudlly 
killed  off  in  the  critical  atagae  of  developing  an  embryo  concept.  Dhether 
tha  Carter  steam  angina,  or  any  angina,  ever  sees  the  light  of  day  as  part 
of  a  product  for  eale  in  a  ahouroom  depends  on  how  much  funding  is  available 
at  the  embryo  atata  and  on  i..ca  product  development.  The  later  atugea  of 
engine  development  to  the  point  of  introduction  to  the  maea  public  ia 
extremely  expensive.  The  huge  expenaaa  of  engine  development  is  incurred 
in  large  part  by  having  to  build  in  its  reliability  bafore  introduction  to 
the  public.  Tooling  la  another  large  part  of  the  expense.  It  is  fair 
to  aay  that  only  a  feu  Induatrlea  in  tha  country  can  tackle  It.  The 
public  ie  the  only  scktrce  of  aufflclent  funds  to  do  the  whole  Job  -  their 
money  being  collected  In  large  pools  In  the  form  of  taxes  by  the  government 
end  through  profits  by  private  enterpriaa.  The  auto  industry  and  the 
U.  S«  goverrment  are  the  two  agencies  that  can  collect  the  public's 
money  in  big  enough  pooia  to  do  massive  engine  development.  Thus,  th  .e 
are  the  only  agencies  with  the  concentrated  wherewithal  for  a  complete 
change  in  engines  or  for  an  entirely  reformed  transportation  syatema. 

Only  tne  auto  industry  hae  the  economic  incentive  to  cause  the  changes. 

On  the  other  hand,  we  have  seen  that  the  auto  industry  attempts  to  hold 
the  atatua  quo,  and  its  development  toward  clean  engines  lies  been  the 
result  of  the  government  peralstlng  in  enforcement  activltlee  of  the 
clean  air  act  and  attempting  to  improve  urban  life. 


The  Incentives  of  both  governfnt^Dt  and  Dig  industry  is  euL'isct  uihen  It 
cornea  to  development  of  new  and  advanced  concepts*  I'iuither  has  demonstrated 
motivation  toward  the  long-term  public  good  in  tachnolnnlcol  areas*  Both 
the  government  and  the  ajto  industry  have  to  limit  themselves  to  short¬ 
term  goals  -  industry  because  it  has  to  make  a  profit  for  its  shareholders, 
and  government  because  of  its  year-to-year  budgeting  in  a  L.ilmatf>  that 
calls  for  satisfying  the  voters  every  feu  years*  On  the  other  hand,  large 
industry  can.  If  required,  put  up  large  sums  for  periods  of  several  years 
to  overcame  a  problem*  The  emiasions  problem  has  emphaslzeiJ  its  capability 
of  doing  thie*  It  also  emphasizes  the  fact  that  the  status  quo  on  engines 
would  have  been  held  if  the  government  had  not  stepped  in;  that  is,  engines 
would  have  remained  unclean  unless  it  had  turned  profitable  to  make  them 
clean* 

It  has  become  clear  that  government  funded  science  and  engineering 
programa  are  eubject  to  yearly  variation  aa  to  funding  and  goals*  Ue 
nave  seen  aclance  and  engineering  programa  diminish  in  funding  and  seriously 
change  goele  on  a  year-to-year  beeia*  Theae  changes  have  been  far  from 
univereelly  approved  by  the  academic  and  technical  communities*  So  the 
government  la  an  unreliable  eaurce  of  large  sums  of  money  for  long  periods 
unless  national  defense  ia  at  issue* 

Moreover,  neither  government  nor  Induatry  has  bt  t^n  particularly 
clairvoyant  on*decidlng  which  concepts  to  back  in  varioua  situations,  and 
as  a  consequence  most  good  concepts  go  begging  for  years.  Then,  in  a  feu 
cases,  tenacity  hae  finally  paid  off  for  the  technical  entrepreneur.  Even 
in  Instances  of  apparent  insight  sufficient  to  sponsor  potentially  viable 
alternative  engines,  the  effort  la  crippled  by  the  imposition  of  extremely 
tight  achedulij.i  Lhat  preclude  cre.itive  development* 

The  situation,  then, for  the  auto  industry  and  the  government  is  a 
aet-up  which  on  the  government  side  - 
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-  ignores  the  entrsprsnsurlsl  aspects  of  technical  teaks 
7  has  Hhort  range  funding  and  short-range  goals 

-  has  not  damonatrated  Ita  ability  to  recognize  technical  merit 
In  tha  embryo  stage, 

and  on  the  aide  of  the  auto  Industry,  It 

-  haa  short-ranga  goals,  but  could  make  available  lou  level, 
long-term  funding 

-  haa  Incentive  to  uerd  off  neu  concepts 

-  requires  legal  urging  to  meet  eoma  of  Ite  social  commitments. 

On  the  other  hand,  they  both  have  money  ulth  which  engine  development  could 
be  done.-  Also,  the  technical  Incentive  exists  In  both  bodies  to  do  a  good, 
socially  uonsclous,  engineering  Job  on  new  engines.  In  the  meantime,  most 
concepts  are  killed  off  In  both  groups  by  low  funding  and  strict  critique 
at  too  early  a  stage,  tilho,  then,  la  In  position  to  nurture  new  concepts 
suitable  for  the  future  and  etlil  remain  practical  enough  to  satisfy 
Industry? 

Considering  the  technical  usede  for  elturnative  engine  development, 
the  llmltatlone  of  both  government  and  Industry,  the  requirements  for 
logical  development  of  new  concepts,  and  the  manner  of  acceptance  of 
new  concepts  there  Is  a  logical  role  for  NASA  and  similar  government 
organizations: 

1)  conduct  R  and  0  on  th  moat  coetly  elements  of  an  overall  program, 
making  the  findings  available  to  everyone, 

2}  conduct  system  studies  on  overell  energy-transportation-ecology 
considerations  for  urban  and  Interurban  travel,  making  the 
findings  available  to  everyone. 

Engine  development,  es  such,  should  be  left  where  the  entrepreneurial 
Incentive  is  -  In  the  hands  of  Industry,  small  business,  and  the  Inventor. 
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NASA  could  prould*  critical  technical  toola  for  thaaa  i  nplB. 

A  more  aultable  organization  to  cover  the  uhole  problem  uould  eleo 
Include  the  taak  of  aeraanlng  nau  concepts  and  funding  the  more  promising 
onea  past  the  embryo  stage.  It  uould  be  necesaary  to  uork  out  patent  rights 
clauasa  that  allow  the  recipient  to  retain  all  the  rights  poealble  without 
Impeding  the  public's  access  to  the  banaflta.  It  uould  be  naceasary  to 
nan  such  a  group  with  antrapreneurlally  inclined  persona  having  a  good 
vision  of  future  needs  as  well  aa  present  needs.  This  kind  of  group  uould 
have  to  ba  originated  anau,  since  none  exists  nou. 

Uhataver  group  does  tha  complata  Job,  If  It* a  avar  to  bo  dona  that 
uay,  should  ba  fundad  by  both  govornmant  and  Industry,  should  ba  reaponeive 
to  frae  antarprlao  Incantlvoo,  should  uork  undar  long-term  planning,  should 
ba  llbaral  In  Initial  funding  of  promising  concapta,  should  not  be  reluctant 
to  duplicate  effort,  and  should  confer  liberally  ulth  other  social,  political, 
economic  and  technical  groups  having  deep  concam  for  the  future.  In  all 
probability,  two  or  more  coii.petltlue  groups  should  be  sat  up  so  that  thera 
la  racoursa  for  the  prospective  developer.  It  should  serve  aa  an  information 
center  as  well  as  an  embryo  concept  screening  and  funding  canter.  As  such 
It  should  staff  Itsslf  to  be  auare  of  material  resources  use  and  avallebllltv. 
It  should  be  able  to  Ihvaatigatu  alternative  energy-transportation-,  jlogy 
consldaratlone  as  neu  concepts  are  proposed.  It  should  Inveatlgute  new 
engines,  neu  meana  of  transport,  mixes  of  transport  to  meet  urban  needs 
and  rural  needs,  and  sir,  water,  and  land  pollution.  It  should  not  be 
subject  to  overall  scheduling  although  teak  schadullng  and  goal  setting 
are  Imperative.  It  should  be  revlsued  by  a  mix  of  Industry,  government. 
Institutional,  small  business,  and  public  evaluators,  ulth  goals  and 
leadership  subject  to  change  thereby. 
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Such  ■  group,  uhila  poaalbly  Idyllic,  I  faal  to  ba  abaolutely 
nacaaaary  if  ua  ara  to  praaarva  for  a  long  tl«a  our  axiatlng  tranaport- 
atton  banaflta:  fraadom  of  movament,  fraadon  of  choleea  on  mathod,  time 
and  daatlnation  of  tranaport,  ability  to  iiaka  profit  from  viable  concepts, 
and  the  ability  of  our  industry  and  govammant  to  respond  to  local  and 
ganaral  naada. 

□thar  incantivas  properly  placed  may,  alao,  do  uell  for  our  nation. 
Such  incantivaa  could  taka  the  form  of  aubaldlaa  or  tax  rebates  to  reward 
the  uaar  and/or  manufscturar  that  cooparates  with  attempts  to  solve  the 
critical  air  quality  and  urban  congaatlon  problems  in  stricken  ereas. 
Likauisa,  it  could  ba  made  to  exact  recompense  from  those  who  could  do 
something  about  the  problem  and  do  not  -  the  drivers  of  high  emisuion 
cars  in  stricken  areas,  the  producers  of  high  emlaslon  vehicles,  the 
producers  of  automotive  fuels  bearing  sulfur,  nitrogen,  and  high  boillg 
anda,  and  tha  urban  govammanta  not  instituting  decongssting  and  low- 
emission  transportation  programs.  It  is  not  unreaaonable  to  ask  that 
public  transportation  should  of far. all  the  edvantagaa  of  autos  -  freedom 
of  movement,  conuaniancs,  low  coat,  relative  privacy  and  protection, 
and  aa  much  praatiga  as  damanded.  Incorporation  of  federal  highway 
funding  would  possibly  asaure  a  more  well  rounded  program. 

Once  technological  concepts  are  brought  to  the-point  of  being 
nearly  competitive,  and  if  they  have  a  clear  social  bsnt!flt,sub8ldies 
and  tax  benefits  could  push  the  economics  in  the  direction  of  greatest 
social  benefit.'  This,  of  course,  is  what  has  already  been  done  many 
times  over  in  the  transportetlon  business  -  railroads  with  their  large 
land  grants  in  the  I9th  century,  the  suto/highway  system  with  public 
road  building,  and  the  airways  through  airport  construction  and  TAA. 
operations. 
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Subsidies  thst  reusrd  bshsv/lar  uhlch  sssists  scbisvement  of  the  social 
benefits  of  clean  air  and  urban  dacongeatlon  can  bring  about  the  large 
changes  us  need  in  our  afflicted  urban  areas. 

In  suamary,  the  requiremanta  for  achieving  a  viable  energy-transportation- 
ecology  system  raaolve  down  to  only  a  fau  general  needs: 

-  support  R  S  0  uork  in  apucific  costly  areas  -  ceramics,  com¬ 
bustion,  nau  fuels,  batteries; 

-  support  study  of  overall  energy-transportation-ecology  aysteni„ 
to  mast  aomi.'  overall  national  goals  and  goals  for  apacific 
localitiaa; 

-  support  for  initial  development  of  embryo  concepts  regarding 
engines,  fuels, and  transportation; 

-  linkage  of  these  supported  technologies  to  economics,  political 
and  social  need  for  both  national  and  local  areus; 

-  support  of  Incentive  programs  in  stricken  areas  for  urging  local 
clean  air  and  decongeetlon. 

NASA  could  be  of  help  on  soma  of 'this,  but  e  more  entrepreneurielly  oriented 
group  ia  required  to  do  tlie  complete  Job.  A  broad  outlook  on  the  part  of 
governing  boules  is  required  if  best  advantage  of  all  the  potentials  is 
to  be  made. 

It  is  hoped  that  it  has  been  made  clear  that  it  is  possible  to  do  a 
mucii  better  Job  than  ue  are  doing,  or  thst  is  en</laionsd  in  H.  R.  10392, 
of  improving  our  quality  of  life  through  a  thorough  approach  to  the 
problem. 
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APPENDIX 

R  &  0  arna  naadad  for  furtharing  tha  davalopmant  of  a  broad  apactrum  of 

pouar  planta  uultable  for  automobilaa: 

1)  High  atrangth , '  high  tamparatura  caraalca  for  uaa  In  gaa  turbine 
combuatorai  turblnaa,  nozzla  rlnga,  and  regenaratora . 

2)  High  atrangth,  high  tamparatura,  highly  thaimal  conductive  ceramlca, 
and  high  atrangth,  high  tamparatura,  highly  thermal  realatlve  cera- 
mica  for  uaa  in  Stirling  angina  haatar  haada,  dlaplacer  piston  domea, 
cylinder  and  raganarator  houalnga,  or  prehaatara. 

3}  Economical  methoda  of  fabricating  auch  ceramlca. 

A)  Hydrogen  dlffualon  Inhibitor  uaabla  at  1500°F  for  use  In  closed  loop 
pouar  planta. 

5)  Rotary  positiwa  dlaplacamant  machsniama  of  lou  leakage  and  long  life 
In  1SOO°F  anvironmant  ulth  hydrogen  working  fluids. 

63  A  almplifiad  pouar  control  aystam  suitable  tar  use  with  Stirling 
anglnee. 

7}  An  Inexpsnslvs  and  rallabla  inflnltaly  variable  tranamleslon  suitable 
for  use  on  single  spool  automobile:  gas  tarbins. 

8)  Suitable  ssala  to  be  used  with  gas  turblna  raganerators,  or  alternatively, 
a  sultabla  affective  and  reliable  high  temperature  recuperators. 

9}  A  mass  producible  boiler  for  use  ulth  steam  engines. 

103  A  high  tamparatura,  lou  loss  valuing  system  for  use  ulth  reciprocating 
Sreyton  engines, 

11}  The  demonstration  of  working  modala  of  neu  forma  of  alternative  engines. 

1Z}  The  daannatratlon  of  a  lou  coat  flyuheel  drive  system  in  conjunction 
ulth  an  Infinitely  variable  tranamlselon. 
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13)  Fundipantal  coabuatlon  atudlaa  ultti  dlatlllata  fual  alia  to  ohou 

potanttal  for  vary  lou  oalaalona  and  low  axoaaa  air  aa  naeaaaary  for 
gaa  turblna,  Stirling  angina,  and  Ranking  angina  eiabuatara. 

14}  Fundaaantal  coabuatlon  atudlaa  for  dlaaal,^atratlflad  ehargo,  and 
carburatad  apark  Ignition  anglnoa  ualng  dlatlllata  fuala  to  ahow 
potantlal  for  vary  low  aadaalona  and  lou  axoaaa  air  aa  naeaaaary. 

15)  Appllod  coMbuatlon  atudlaa  ultti  aodlflad  coabuator  eonflguratlona  . 
daaxmatratlng  oapobllltlaa  of  aa  lou  aalaalona  aa  poaalbla  In 
carburatad  apark  Ignition  anglnoa,  dlaaol  angina,  atrotlflad  charga 
anglnoa,  gaa  turblnaa,  Stirling  onglnaa,  and  ataaoi  onglnaa. 

16)  Oovalopaant  and  daaonatratlon  of  an  Inaxponalve  alactrlc  drive 
ayotoB. 

17)  High  energy  donalty  battarloa  oultoble'for  long  life  with  deap 
cycling. 

18)  Fuel  aodlflcatlona  that  can  load  to  low  anlaalon  coadHiatlcn. 

19)  Invoatlgetlon  of  fuel  aourcaa  othar  than  patrolaum  -  ana  not 
Halted  to  eonvoralon  of  coal,  ohala  ell,  tar  aonda,  vagetatlon, 
and  uaata  for  uaa  aa  tranaportabla  onargy  alaller  to  gaaollna. 

20)  Study  of  altaxnatlve  uaya  to  uaa  oxlatlng  tochnology  and  varloua 
tranaportatlon  alxaa  for  uaa  of  aolf-pouarad  vehlclea  for  laprovlng 
urban  coata  and  national  coata  tdilla  achieving  laprovod  paraonal 
tranaportatlon  In  urban  end  rural  araaa. 


Mr.  Stsongton.  Dr.  Bjerklie,  that  is  a  sploidid  presentaticm.  We 
are  heartened  by  what  I  deem  to  be  your  genend  support  of  the  thrust 
of  the 

Are  you  thorous^y  familiar  with  the  lull  or  just  its  broad  outlines  ? 

Mr.  fijSRioJB.  Just  its  broad  outlines. 

Mr.  Srnttscfrov.  With  a  psj^r  like  this,  if  you  found  anything 
wrong  withi  the  bill,  I  would  liks  to  know  what  that  is,  too. 

Mr.  BjgtKTJT- 1  have  not  read  the  bill  in  detail. 

Mr.  Stsowoton.  The  auto  industry  is  somewhat  divided,  I  think, 
which  is  an  interesting  phenomenon  m  and  of  itself,  on  its  approach 
to  the  bill.  One  company  thouffht  that  giving  NASA  this  responsi¬ 
bility  was  just  a  plam  gixid  i£a,  and  another  feared  that  it  would 
open  up  another  agency  for  them  to  deal  with  in  matters  of  this  kind, 
wd  it  would  diffuse  the  Federal  responsibility  for  assisting  or  work¬ 
ing  with  or  coordinating  the  industry’s  effort  to  meet  emissmn  control 
needs,  fuel  economy  retpiiremeints,  et  cetera,  as  well  as  the  workings 
of  a  g(K>d  engine  itself. 

They  felt  they  had  to  deal  with  DOT  and  EPA  and  maybe  one  or 
two  other  agencies,^  and  they  felt  NASA  was  just  another  level  of 
bureaucracy  for  them  to  deal  with.  The  third  company  was  somewhat 
neutral  on  the  point.  But  each  of  them  felt  that  some  mnd  of  Federal 
effbrt  was  warnanted,  that  the  industry  in  its  desperate  effort  to  keep 
up  with  the  demands  of  today,  the  emission  control  requirements  of 
1975  and  1977,  and  so  on,  were  dedicating  a  rather  large  portion  of 
their  R.  A  D.  effort  to  puttiiw  out  these  current  fires  ana  were  not 
really  able  to  address  tnemseRes  to  the  future,  although  they  were 
looking  at  the  engines  yon  mentioned  here  on  page  2. 

Some  of  them  seemed  to  feel  they  were  alreimy  in  a  position  to  re¬ 
ject  certain  approaches. 

To  what  extent  are  you  familiar  with  what  the  industry  is  doing? 

Mr.  Bjerkue.  As  a  consultant  to  the  Committee  on  Motor  Vehicle 
Emissions  of  the  National  Academy  of  Sciences,  for  the  last  3  years  I 
have  visited  the  Big  Three  and  a  number  of  the  other  companies  in 
the  United  States  concerning  engine  development  of  alternative  en- 
^es  which  originally  incluaed  diesel  engines,  and  in  the  last  round 
of  visits  included  only  the  gas  turbine,  the  Stirling  engine,  the  Rankine 
engines,  the  electrics,  and  to  a  very  small  degree  flywheels. 

I  have  visited  in  Europe  as  well  as  the  United  States. 

Mr.  Stkinotox.  Without  trying  to  make  odious  comparisons  or 
contrasts— you  have  been  to  the  Big  Three,  and  have  you  been  to 
American  Motors  besides? 

Mr.  Bjersxie.  I  have  not  be«i  to  American  Motors,  just  the  Big 
Three. 

Mr.  Stminqton.  By  the  way,  why  do  we  constantly  ignore  Ameri¬ 
can  Motors? 

Mr.  Bjerkub.  American  Motors  has  made  it  reasonably  clear  to 
the  Naitioaal  Academy  of  Sciences — among  others,  I  presume — that 
they  will  essentially  buy  thdr  emission  technology  from  others — 
believe  GM  primarily 

Mr.  Stxiwoxdk.  Their  emission  technology  ;  but  you  do  not  know 
what  they  are  doing  with  respect  to  autoipotive  en^eering? 

Mr.  BjzRKim  When  t  ccmtaCted  the  pe^le  at  American  Motors 
2  years  ago,  the^  essciatiaHy  said  they  are  obi^  no  work  in  alternative 
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Mr.  SmnroxoN.  No  work! 

Mr.  BjsRKim  No  work. 

Mr.  SnaxoTOK.  Did  it  occur  to  yon  to  ask  why  that  was,  or  did  it 
occur  to  them  to  ducidate  further! 

Mr.  Rjtokt.tr.  It  occurred  to  me  to  ask.  I  did  not  feel  it  was  quite 
my  place,  since  they  did  not  choose  to  tell  me.  I  mess  I  made  the 
aroitrary  assumption  that  being  the  smallest  of  the  four  major  manu¬ 
facturers  and  having  stated  that  they  would  essentially  but  mdr  emis¬ 
sion  controls - 

Mr.  Stkinotok.  I  was  just  trying  to  get  hold  of  what  you  deemed 
your  role  to  be  in  these  matters. 

I’m  sorry  to  interrupt  this  line,  but  I  have  to  make  a  call  at  this 
moment.  I  would  a^  Mr.  Brown  to  take  over  the  chair.  I  will  be  right 
back. 

Mr.  Bsowx.  While  he  is  gcme,  I  mi^t  volunteer  an  answer  to  that 
question  myself.  It  is  essentiaUy  what  I  think  you  are  getting  at,  and 
that  is  that  up  until  the  last  year,  American  Motors  has  been  the  least 
profitable  of  them. 

Mr.  Bjrhktjr.  I  believe  that  is  correct. 

Mr.  Bbown.  It  takes  a  certain  unount  of  profit  in  order  to  maintain 
any  degree  of  research  and  development  ai^ivky  which  is  generally 
the  first  thing  to  be  dispensed  with  when  you  don%  happen  to  have  it. 

I  was  very  much  impressed  by  your  presentation,  Dr.  Bjerklie,  and 
particularly — this,  of  course,  is  merely  because  it  appeals  to  my  own 
thinking — ^your  emphakis  on  achieving  a  viable  enery-tran^rti^ion- 
ecology  sy^enu  Obviously,  this  piece  of  legislation  and  any  legislation 
I  know  of  which  has  been  before  the  Congress  would  faal  to  address 
itself  to  all  of  the  problems  involved  in  Siat.  It  is  one  of  the  more 
frustrating  things  about  being  in  Congress. 

I  hope  you  get  elected  some  time  so  you  can  ^are  that  frustration. 
[Laughter.] 

The  mechanians  within  the  Congress  for  addressing  system  prob¬ 
lems  are  very  w^k.  And  this  bill  is,  I  thi^  a  reflection  of  that.  N(k 
to  detract  from  its  merit,  because  I  think  it  is  a  very  good  bill,  but  it 
does  not  address  the  whole  pr^lem  which  you  attem^  to  address  in 
your  statemwt.  I  appreciate  that. 

The  particular  thing  I  am  interested  in,  of  course,  is  defining  the 
area  in  which  NASA  could  play  a  role  in  connection  witb  the  solution 
of — if  not  the  whole  ^eigy  and  transportation  technology  pn^lem — 
at  least  that  part  having  to  do  with  developing  alternative  engine  sys¬ 
tems.  And  you  have  in  your  appendix  and  also  in  your  statement  listed 
a  number  of  areas  which  need  further  development 

It  appears  to  me  by  just  a  casual  exammation  that  these  are  the 
Unds  of  things  where  NASA  has  a  high  competence  and  in  many  cases 
is  already  doing  some  work  in  the  area.  I  think  ceramics  is  an  example. 
And  certainly  they  are  working  in  the  area  of  hydrogen. 

They  have  done  considerabm  research  there.  I  am  wondering  if  you 
would  comment  as  to  whether  in  your  view  these  are  tasks  whiai  could 
be  appropriately  conducted  by  NASA  either  in-house  or  under 
contract. 

Mr.  Bjbrklib,  I  think  there  are  some  asp^ts  here  which  certainly 
could  be  attacked  by  NASA  as  it  exists,  ^ere  are  probably  more 
which  could  be  attacked  by  NACA  as  it  was  originaBy  con^tuted 
before  it  turned  into  NASA. 
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NACA  had  a  very  eood  axobusticm  group  for  instance.  The  work 
they  were  doing  could  logically  extend  now,  even  now,  to  the  cmnbus- 
tion  work  for  low  emissions  which  is  still  necessa^.  The  gas  turbine 
combustor,  for  instance,  has  demon^rated  high  NOx  c<Hnpared  to  the 
lowest  NOx  which  is  required. 

I  believe  it  can  be  reduced  based  upon  some  of  the  work  our  o^ 
cranpany  has  done.  I  think  I  can  say  tnat  some  of  the  concepts  which 
are  availaUe  in  combustion  for  other  applications  could  be  extended 
to  reduce  the  emissions  in  gas  turbines  even  more  than  they  have  been 
rediKed.  Qas  turbines  are  quite  low  already,  but  they  do  not  meet  the 
NOx  requirements  in  any  projected  automotive  gas  turbine  engme. 

So  tiiere  is  <»ie  example  where  NASA,  if  it  reinstituted  its  com¬ 
bustion  groups  essentially  as  they  were  when  it  was  NACA,  and  kept 
S(une  of  its  present  combustion  capability,  such  as  at  JPL,  and  married 
the  two  types  of  approaches,  I  think  that  NASA  could  contribute  very 
well. 

Ceramics  work  is  ve^  expensive  and  very  frustrating  and  very  dif¬ 
ficult.  I  think  the  ABPA  contract  with  Westinghouse  and  Ford  is  a 
good  step  forward.  I  think  there  is  room  for  lots  more  work.  I  think 
m  fact  high  temperature  ceramics  would  be  necessary  in  order  to  make 
the  high  temperature  gas  turbine  a  reality. 

And  with  the  high  t^perature  gas  turbine  you  can  start  talking 
about  a  oxnpetitive  engine.  Again,  I  repeat  that  would  be  2,500  degr^ 
turbine  inlet  temperature  or  thereabouts,  whereas  the  gas  turbine  with 
only  a  ceramic  regenerator  is  limited  to  roughly  1,900  to  2,000  degrees 
Fahrenheit  and  is  not  competitive  in  many  ways,  size  wise,  costwise,  and 
performancewise. 

Mr.  Brown.  There  are  similar  problems  in  connection  with  the  steam 
engine,  if  I  correctly  understand  it,  in  that  the  components  presently 
usM  are  incapable  of  rqierating  at  the  tranperatures  and  pressures 
which  would  be  required  to  increase  its  obviouwy  low  efficiency. 

Mr.  Bjerkub.  1  think  the  steam  engine  is  another  kind  of  beast.  It 
is  probably  of  the  alternative  engines,  of  the  far  advanced  alternative 
engines,  M’s  say  of  the  external  combustion  or  continuous  combustion 
typ^  the  easieert;  to  make. 

However,  it  is  still  a  difficult  engine  for  development  and  prototype 
programs.  But  it  does  not  have  as  far  to  grow.  It  is  not  ever  going  to 
be  an  engine  which  can  compete  in  performance  with,  say,  even  a  high- 
tonperature  gas  turbine  or  a  Stirling  engine.  The  potential  for  the 
steam  en^ne  is  close  to  being  developed  already  in  my  own  opinion. 

I  referred  to  the  Carter  family  which  is  essentially  a  father  and  son 
in  Texas.  Tbey  have  worked  on  a  small  steam  engine.  In  a  previous 
report  which  our  group  wrote  for  the  National  Academy  of  Sciences 
about  a  yew  ago, ‘‘An  Evaluation  of  Alternative  Power  Sources  for 
Low  Enusdon  Auttunobiles,”  we  referred  to  Bankine  engines  and  ad¬ 
vanced  Bankine  engines,  and  the  advanced  Bankine  engme,  as  indi¬ 
cated  in  there,  was  dose  to  what  we  thought  would  be  the  best  possible 
you  could  do  with  a  Baiddne  engine. 

It  fell  far  short  of  many  of  the  others.  I  believe  the  Carter  engine 
is  close  to  what  we  called  the  advanced  Bankine  engine  at  that  time. 

I  guess  what  I  am  getting  around  to  saying  is  that  I  do  not  know 
that  any  amount  of  improvement  by  anybray  is  going  to  convert  the 
Bankine  engine,  steam  engine  or  organic,  to  the  really  good  com- 
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petitive  en|2:ine  it  has  to  be  in  order  to  be  incorporated  into  the  Ameri¬ 
can  automobile  system. 

Mr.  Bbown.  I  ai^reciate  that  comment,  since  some  of  my  friends  in 
California  are  involved  in  tr3dng  to  develop  the  steam  engine  to  be 
competitive.  They  mve  me  a  very  rosy  view  of  it  which  you  have 
helpM  to  offset  a  littie  bit. 

Mr.  Bjerklie.  It  is  sort  of  like,  I  guess,  back  in  World  War  II  you 
could  develop  a  fighter  plane  up  to  its  limit  and  then  you  had  to  start 
on  a  whole  new  generation  in  order  to  get  improvements  beyond  that. 

It  is  a  similar  situation.  We  have  a  steam  en^e  which  can  be  de¬ 
veloped.  It  can  be  made  a  good  engine,  but  similar  development  on  a 
more  advanced  engine  would  give  you  more  in  the  end. 

Mr.  Bsowx.  The  point  I  was  trying  to  make  is  that  the  NASA 
capability  for  engagmg  in  materials  research  in  areas  involving  high 
temperature  and  pressure  presumably  would  be  useful  in  connection 
with  a  number  of  types  of  engine  developments  which  we  might 
anticipate. 

I  tiiink  one  of  the  aspects  of  the  wording  of  the  bill  before  ns  which 
pulsion  sy^ms.” 

Now  this  may  have  been  construed  as  actually  manufacturing  en¬ 
gines,  which  is  not  the  purpose  of  the  legislation.  Perhaps  that  phrase 
will  need  to  be  redrafted  in  order  to  more  specifically  indicate  the 
areas  which  you  and  others  have  indicated  are  directly  pertinent  to 
the  expertise  which  NASA  has. 

I  have  no  further  questions,  Mr.  Chairman. 

Mr.  Symington.  In  your  visits  to  the  Big  Three  automakers  you  be¬ 
came,  would  you  say,  thoroughly  familiar  with  what  each  of  them  is 
doing  on  alternative  engine  research? 

Mr.  Bjbrklix.  Visiting  the  Big  Three  is  an  experience  that  I  think 
you  have  to  actually  experience  in  order  to  appreciate.  But  if  you  ask 
the  right  questions,  you  can  get  all  the  information  which  can  be 
given  readily. 

It  is  very  difficult  to  ask  the  right  questions  sometimes.  We  hope 
that  we  have  asked  mostly  the  right  questions.  We  have  gotten  answers 
very  frankly  in  most  cases.  We  have  found  on  looking  back  after  such 
visits  that  at  least  in  the  case  of  one  company  we  were  not  given  total 
informatioik.. 

I  cannot  make  the  same  comment  with  regard  to  the  other  two. 

Mr.  Symington.  Are  you  doing  a  report  on  those  visits?  Are  those 
recent  visits? 

Mr.  Bjerkue.  I  am  presently  preparing  a  final  report  for  the  Na¬ 
tional  Academy  of  Sciences. 

Mr.  Symington.  We  ask  questions  from  every  conceivable  direction 
as  they  occur  to  us.  but  one  thing  we  tend  to  ask  is :  “How  much  of 
your  total  R.  &  D.  budget  is  devoted  to  this?”  It  is  not  that  you  can 
actually  learn  all  that  much  about  the  level  of  effort,  but  you  get  some 
kind  of  idea  of  the  importance  they  attach  to  this  kind  of  R.  &  D.  and, 
of  course,  the  nature  of  it  and  how  many  people  are  working  on  it. 

Do  you  ask  those  questions  yourself? 

Mr.  Bjerkue.  Yes. 

Mr.  Symington.  So  that  kind  of  thing  will  appear  in  your  report? 

Mr.  Bjerkue.  It  will  be  indicated.  Some  answers  are  given  in  con¬ 
fidence  and  we  would  like  to  respect  those  confidences. 
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Mr.  Stkinoton.  And  can  you  get  an  idea,  when  you  are  talking  to 
them,  of  the  distance  down  the  road  they  are  looMng  in  the  kind  of 
research  they  are  doing?  In  other  words,  it  would  alm<^  be  interesting 
and  useful  to  have  a  chart  showing  the  level  of  expenditure  and  effort 
and  permnnel  involved  in  preparing  what  they  think  mi^ht  be  the 
1980  engine,  the  1990  engine  and  beyond,  as  distinct  from  ]ust  going 
along. 

Or  are  they  really  tlunking  about  tarj^  dates  for  operaticmal 
capability  of  various  engines,  or  are  they  still  in  very  basic  research  ? 

Mr.  Bji»kus.  I  think  they  are  thinking  about  possible  introduction 
dates  for  various  engmes  based  upon  what  we  have  been  told.  How¬ 
ever,  they  are  not  willing — and  nobody  should  be  willing  at  this  point 
to  say  that  the  Stirling  engine  or  the  turbine  engine  will  be  it  So, 
therefore,  they  cannot  state  dates  which  really  mean  very  much.  It  is 
still  a  matter  of  wait  and  see.  All  you  can  judge  from  is,  as  you  sug¬ 
gested,  the  intensity  of  their  effort. 

Mr.  STraNOTON.  Are  they  thinking  in  terms  of  alternative  fuels,  all 
of  the  reasonably  potential  alternative  fuels,  such  as  steam  ? 

Mr.  Bjsrkue.  Steam  is  not  an  alternative  fuel. 

Mr.  Stionoton.  How  do  they  produce  steam. 

Mr.  Bjerkue.  Of  course,  you  have  an  external  combustion  system 
with  the  steam  en^ne  or  Stirling  engine. 

Mr.  Stmington.  Would  you  need  old  fashioned  fossil  fuels  for  that? 

Mr.  Bjerklie.  Anything  from  cow  dung  to  wood  chips  along  with 
hydrogen  or  methanol.  Now  that  is  in  two  cases,  the  Stirling  engine 
and  the  Rankine  engine. 

In  the  gas  engine  you  have  again  a  wide  variety  of  potential  fuels 
you  can  use,  but  basically  they  will  be  fluid  or  liquid,  something  which 
could  be  handled  in  that  way. 

Yes,  there  is  consideration  in  the  auto  industry  for  alternative  fuels, 
if  we  talk  liquid  fuels.  And  the  degree  to  which  they  are  considered 
varies  from  group  to  group  within  the  companies. 

Those  who  are  interested  in  auto  engines  as  we  presently  know  them, 
are  more  interested  in  gasoline,  modifications  and  additives  such  as 
methanol,  et  cetera.  And  those  who  are  concerned  with  gas  turbines 
and  Stirling  cycles  and  steam  engines  do  look  at  and  trv  to  keep  track 
of  the  various  fuels  they  could  be  using,  their  availability  and  cost. 

^  Mr.  Symington.  Do  you  also  visit  the  Department  of’ Transporta¬ 
tion  and  find  out  what  their  input  is  in  all  of  this  research  ? 

Mr.  Bjerklie.  If  not  visits  as  such,  we  attend  some  of  their  briefings, 
yes. 

Mr.  Symington.  They  told  us  they  were  not  really  into  R.  &  D.  very 
deeply.  They  said  it  is  up  to  Detroit  to  do  it, 

Mr.  Bjerkue.  Basically  it  is  correct.  They  do  sjrstems  studies  which 
I  think  are  veiy  valuable.  I  think,  as  I  pointed  out,  without  systems 
studies  for  each  individual  local  area  and  possibly  for  the  whole 
country  in  some  aspects  that  any  amount  of  engine  work  will  probably 
not  do  us  any  good. 

Mr.  Symington.  When  you  say  basically  that  is  correct,  that  does 
not  take  away  from  your  original  support  for  the  idea  of  NASA-spon¬ 
sored  analysis  of  these  things  and  R.  &  D.  on  its  own  ? 

Mr.  Bjerkue.  I  kind  of  lump  all  of  those  as  Grovernment,  being 
naive.  I  can  say  that  the  Government  in  one  form  or  another  pi^ably 
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is  the  only  group  which  can  do  such  long-term  studies  of  systems  at 
this  moment.  My  personal  preference,  of  course,  would  be  for  this  work 
to  be  done  by  something  possibly  nonprofit  and  not  in  Government  or 
industry,  more  Idee  NASA  or  some  advanced  version  of  Battelle  or 
something  like  that  which  is  responsive  to  incentive  concepts  and  re¬ 
sponsive  to  the  needs  of  industry  as  well  as  responsive  to  the  needs  of 
the  public. 

Mr.  Symington.  I  want  to  thank  you  very  much  for  your  testimony 
and  the  care  you  took  in  preparing  it. 

Mr.  Bjerklie.  M^leasure. 

Mr.  Symington.  Tne  subcommittee  will  meet  again  next  Tuesday 
at  10  o’clock  in  this  room.  Today’s  meeting  is  adjourned. 

[Whereupon,  at  11:55  a.m.,  the  subcommittee  was  adjourned  to 
reconvene  on  Tuesday,  June  18, 1974.] 
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COMKITTBE  ON  SciBNCE  AND  AsTRONAUTIOS, 
Sttboomhittee  on  Space  Science  and  Apfucatione, 

Washington,  D.C. 

The  subcomiuittee  met,  pursuant  to  adjournment,  in  room  2325, 
Rayburn  House  Office  Building,  Hon.  Georm  E.  Brown,  presiding. 

Mr.  Brown.  The  subcommittee  will  be  in  oraer. 

Chairman  Symington  is  on  his  way,  and  will  be  here  shortly.  Because 
we  have  a  number  of  witnesses,  I  thought  we  should  get  started  in 
order  to  conserve  time. 

Today,  we  are  holding  the  fourth  and  final  meeting  in  the  current 
set  of  hearings  on  H.R.  10892,  a  bill  to  authorize  NASA  to  conduct 
research  on  ground  propulsion  systems. 

In  our  first  set  of  hearing  last  February,  the  subcommittee  heard 
the  testimony  of  witnesses  from  Government  agencies  re^nsible  for 
this  type  of  research.  In  the  current  set  of  hearings,  witnesses  have 
represented  the  private  sector — ^the  automotive  industry,  independent 
developers,  consultants,  and  other  interested  parties. 

This  morning,  our  leadoff  witne^  is  Mr.  Sam  B.  Williams,  president 
of  Williams  Research  Corp.  of  Walled  Lake,  Mich.,  a  company  en- 
^ged  in  automobile  engine  research  for  the  past  20  years.  Prior  to  the 
formation  of  his  own  company  in  1964,  Mr.  Williams  was  employed 
by  Chrysler  Corp. 

I  would  also  like  to  welcome  our  chairman,  Mr.  Symington,  who  will 
now  take  over. 

Mr.  Stminoton.  Thank  you,  Mr.  Brown.  We  have  votes  in  the  Com¬ 
merce  Cmninittee  this  morning  and  I  may  be  interrupted  from  time  to 
time. 

I  am  here  to  welcome  you,  Mr.  Williams,  and  you  may  proceed  with 
your  prepared  statement. 

Mr.  WnJiiAMS.  Thank  you,  Mr.  Chairman. 

I  would  first  like  to  mention  my  corporation  is  located  near  Detroit. 
We  employ  a  little  ov(-r  500  people.  They  are  all  ei^ged  in  manu^- 
turing  and  development  work  on  gas  turbine  engines.  These  engines 
are  aircraft  turbo  engines  and  auxiliary  power  units  and  autcnnobile 
gas  turbine  engines.  They  are  all  in  the  basic  size  range  of  the  auto¬ 
motive  type  engines  components  all  about  the  same  size. 

I’d  like  to  introduce  Mr.  David  C.  JoUvette  who  is  our  vice  president 
of  public  relations.  Mr.  Jolivette  will  read  our  statement,  and  then  I 
would  be  pleased  to  answer  questions. 

Mr.  Stminoton.  Very  good 

[A  biographical  sket^  of  Mr.  Williams  follows :] 
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Sah  B.  WnxiAifs 

Mr.  a«in  B.  WUllama  la  Cbalrman  of  the  Board  and  Prealdent  of  WilUama 
Besearch  Corporation  of  WaUed  Lake,  Mlcbljsan,  near  Detroit.  He  haa  managed 
thla  company  ainoe  ita  formation  in  1964,  from  Ita  early  ancceaaea  aa  a  turbine 
engine  development  company,  through  ita  rapid  expanaion,  to  ita  current  atatua 
aa  the  worid’a  leading  manufacturer  of  amall  Jet  enginea. 

Mr.  wuwurm  cmitimiaa  to  play  an  active  role  in  hla  corporatitm’a  technical 
program,  including  the  development  of  low  emlaalona  and  low  conaumption 
automotive  gaa  turbine  enginea,  amall  turbojet  and  fanjet  enginea,  and  turbine 
enginea  that  provide  aecondary  power  retlrementa  for  large  aircraft. 

Prior  to  forming  hia  own  organiaation,  Mr.  Williama  waa  in  charge  of  the 
design  of  the  flrat  Chryaler  automotive  gaa  turbine  engine  and  played  a  key 
role  in  the  design  of  one  of  the  flrat  aircraft  turboprop  enginea  developed 
for  the  D.8.  Navy. 

Mr.  WlUlams  ia  internationally  recognized  aa  a  leader  in  the  automotive, 
induatrliti  and  aimaft  gaa  turbine  flelda.  He  holda  numerona  patents  in  turbine 
engine  design. 

Through  ita  advancements  of  amall  gas  turbines,  Williams  Besearch  haa 
bectnne  the  tedmology  leader  in  its  fleld  and  the  world’s  largest  producer  of 
miniature  Jet  engines  of  lees  than  1,000  pounds  of  thrust 

Mr.  WiUama  la  a  graduate  of  Pu^ue  University  and  is  a  member  of  the 
Society  of  Automotive  Engineers,  American  Society  of  Mechanical  Engineers, 
American  Ordnance  Association,  Association  of  the  United  States  Army,  Amori- 
can  Institute  of  Aeronautics  and  Astronautics  and  the  American  H^copter 
Society. 

STATEXEHT  OF  SAX  B.  WILIIAXS,  PEESIBEHT,  AHD  DAVID  C. 

JOIIVETTE,  VICE  PBESIDEHT  OF  PtJBIlC  BELATIOBS,  wmiAXS 

BESEABCE  COBP. 

Mr.  JoLmsTTB.  Mr.  Chairman  and  members  of  the  subcommittee. 

I  appreciate  the  opportunity  of  being  a  part  of  these  hearings  on 
bill  H.R.  10392.  I  would  like  to  express  my  views  as  to  the  proper 
Government  role  in  the  development  of  alternate  powerplants,  as 
well  as  my  views  with  respect  to  the  future  potential  of  the  automotive 
gas  turbine  engine. 

In  considering  the  Government’s  proper  role  in  influencing  and 
agisting  the  automotive  industry  in  reducing  annual  energy  consump' 
tion,  I  believe  it  is  important  to  review  the  past  actions  and  results 
with  respect  to  air  pollution.  The  result  of  this  past  Government  action 
has  certainly  been  cleaner  air,  w^h  we  all  desire  and  which  is  vital 
to  the  Nation’s  health.  Some  people,  however,  also  believe  that  another 
result  has  been  economic  disaster. 

We  do  not  agrm,  but  certainly  the  very  high  cost  to  the  car  buyer 
of  quickly  conceived  emissions  control  devices  has  had  a  negative 
effect  on  our  vital  automotive  industry  and  at  a  very  critical  time  in 
our  economic  history. 

These  emergency  engineering  programs  at  the  automotive  corn- 
par^  have  cost  on  the  order  of  ^  billion  and  the  emissions  control 
e^IHnrat  on  production  cars  has  cost  the  buying  public  many  addi- 
tioiul  Inllions  of  dollars.  The  lesscm  we  can  derive  mm  this  economic 
problem^  is  that  a  great  deal  of  leadtime  is  required  to  do  bade 
engineeimg  work  aM  to  translate  this  into  low  cost,  mass  produced 
automotive  parts. 

We  believe  we  all  came  by  this  problem  honestly.  The  public  de¬ 
manded  clean  air  and  the  Congress  properdy  responded  with  tough 
legislation.  The  technical  back^ound,  both  engineering  and  medi^ 


unfortunately,  iros  v«ry  wei^  at  tibnt  point  in  time.  All  pai^M  lad^ 
information;  the  House  and  Senate  Cmnmitteee,  the  administratiTe 
agencies  and  the  engineering  community  including  the  automotive 
industry.  This,  unfortunately,  resulted  in  serious  problems  in  the  leg¬ 
islation  and  a^inistratioh  and  even  a  lack  of  tnust  betwemi  industry 
and  govemmmit. 

Fortunately,  we  see  a  ocnnpletely  different  picture  as  we  approach 
the  energy  problem.  In  reviewing  the  questions  that  we  have  been 
asked  by  this  and  other  committees,  it  is  di>vion8  that  the  ccnnmittee 
members  now  have  a  good  imderstanding  of  the  technology  and  of 
the  lead  time  required  for  engineering  development.  Urn  dSksials 
from  the  various  Government  latencies  uiat  have  appeared  also  ^ow 
an  excellent  understanding  of  these  factors.  As  (xnnpared  with  the 
early  days  of  the  pollution  crisis,  industry  representatives,  induing 
top  management,  are  better  infommd  and  nave  a  better  technical 
fcHindation  from  which  to  make  recommendatiims. 

I,  therefore,  ctmclude  that  a  feeling  of  trust  will  develop,  the  prob¬ 
lems  will  be  faced  enthumastically,  energetically,  and  TealisticaUy  by 
all  parties  wd  th«e  will  be  success  in  conserving  our  lowra*  cost  energy 
sources  while  protecting  our  mvironment  and  without  damaging  our 
eocmxMny. 

Today,  I  do  not  wish  to  discuss  the  regulatory  side  of  the  Govern¬ 
ment^  role,  but,  rather  to  limit  my  ccanments  to  the  research  and 
devel<^ment  side. 

The  Government  should  concentrate  its  expenditure  <hi  ar^  that 
can  have  a  m^’or  influence  future  low  polluting,  low  fuel  consump¬ 
tion  enginea  if  you  accept  this,  it  immediately  reveals  what  the  Gov¬ 
ernment  should  not  be  doing.  It  should  not  utilize  its  limited  funds 
on  the  various  types  of  piston  engines.  The  automotive  ctunpanies 
have  large  engineering  organizations  and  vast  deveOpmmt  facilities 
dedicated  to  ^is  area  and  they  are  already  strongly  motivated  to 
meet  the  public  demand  for  lower  fuel  consumption  engines,  smaller 
engine^  smaller  ca^  et  cetera.  Because  of  the  lack  of  teduiical  m- 
formation  on  emissions,  there  may  have  been  in  the  past,  some  justifi¬ 
cation  for  Government  expenditure  on  piston  engines.  However,  with 
respect  to  fud  econtuny  and  in  view  of  the  capability  of  the  industry, 
we  see  little  chance  of  Government  spending  affecting  the  fuel  econ¬ 
omy  of  our  future  piston  engines. 

We,  therefore,  conclude  that  all  of  the  development  moneyashould 
be  concentrated  <m  alternate  powerplants  that  can,  in  the  longer  term 
future,  have  a  very  major  impact  on  our  environment  and  enei^ 
supply.  The  amount  of  these  funds  should  also  be  substantially 
increased. 

It  should  be  a  technology  program  rather  than  an  effort  to  develop 
a  ^Mciflc  engine  that  is  fc^  production.  Ccsnplrie  engines  could 
be  developed  but  (mly  for  ^  purpose  of  demon^rating  particular 
features  of  advanced  technology.  TTie  automobile  ccunpames  would 
then  utilize  those  portions  of  the  technol<^  that  are  use^  in  meeting 
the  market  requirNnenta 

With  tire  new  requiranents  of  clean  air  and  eirergy  conservatirm 
and  with  the  advance  in  tedmology,  the  piston  en^e  no  longer  ap¬ 
pears  to  be  the  best  long  term  en^eenng  soln^m.  We  must  n^ 
however,  expect  alternate  systems  to  begin  to  affect  our  annual  fuel 
consumption  for  at  least  10  years. 
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A  relatively  small  expenditure,  by  cmaparistm  to  a  typical  NASA 
speoe  pramram  budget,  for  exampl^  cui  nave  a  very  si^Tiificant  in- 
ftuenoe  cm  ruture  automotive  pn^ulsicni  qrstems. 

A  email  poxticm  of  the  (Wemment  finding  of  alternate  power- 
danlB  shoiud  be  apeid:  on  researdi  activities  which  cannot  nave  a 
definite  s^edule  smoe  technical  breakthro^hs  are  required.  These 
would  include  such  fields  as  advanced  dectric  batteries  and  fuel,  such 
as  %drc^[«a  manufactured  frmn  the  miergy  produced  by  nuclear 
powerplanta. 

The  m^or  effort  should  he  concentrated  on  the  autcunotive  ms  tur¬ 
bine  engine.  The  evidence  that  this  is  the  automotive  power^ant  of 
the  future  is  very  stremg.  It  has  derived  its  technology  from  the  bil¬ 
lions  of  dollars  that  have  bera  q>ent  on  aircraft  jet  engines,  its  de¬ 
velopment  has  been  ccmsistently  funded  by  the  major  automotive 
oennpaniee  for  20  years  because  of  its  long-term  potential  and  almost 
every  Government  study  of  alternate  powerplants  in  recent  years 
has  concluded  that  the  gas  turbine  is  the  leading  candidate. 

My  company  has  b^  developing  autcunotive  gas  turbines  for  the 
past  18  years,  in  many  cases  under  contract  wito  the  major  car  com¬ 
panies.  We  have  been  curating  turbine  powered  cars  on  the  streets 
of  Detroit  for  10  years  and  we  are  the  only  U.S.  company,  outside 
of  the  three  major ‘U.S.  car  ccunpanies,  with  an  extensive  background 
in  this  field.  Our  major  business  involves  the  develmment  and  manu¬ 
facture  of  small  aircraft  turbojet  engines^  hence,  like  NASA,  we  a. 
in  a^  position  to  transfer  the  aircraft  engine  tecl^ology  to  our  auto¬ 
motive  develcqiments. 

In  spite  of  the  turbine  programs  conducted  by  the  automotive  in¬ 
dustry  and  the  excellent  programs  conducted  by  the  EPA’s  Advanced 
Autcmiotive  Power  Systems  Group,  the  total  expenditure  on  this  sub¬ 
ject  has  been  a  minor  part  of  that  required  to  seriously  expect  the 
effort  to  result  in  an  early  replac^mit  of  the  piston  migine.  Never¬ 
theless,  substantial  progress  has  been  made  and  the  autcunotive  gas 
turbine  is  already  approaching  the  performance  mid  fuel  economy  of 
the  piston  engine. 

In  1971,  an  American  Motors  Hornet  powered  with  one  of  our 
company’s  oigines  met  the  1975  emissions  Etendards  without  the  need 
for  any  speciiu  ecraipment  in  the  exhaust  system,  and  a  General  Motors 
labon^ry  test  this  year  with  one  of  their  engines  indicated  com¬ 
pliance  with  the  1977  standarda  The  potential  of  the  autcnnotiye  gas 
turbine  for  major  fuel  ecemeuny  and  performance  improvements,  as 
ccMmpmed  with  toe  piston  engine,  is  well  recomized  by  the  industry. 

We  believe  that  an  acceler^ed  program  comd  result  in  prototypes 
in  5  years  that  wcrald  have  20  percent  to  30  percent  better  fuel  econcuny 
than  toe  {uston  engine.  This  will  recpiire  developments  that  permit 
the  automotive  tuilwe  to  run  at  the  same  high  temperature  level  that 
we  now  use  in  the  large  fanjet  engines  powering  our  transport 
aircraft. 

The  Government  should  take  toe  lead  in  accelerating  this  effort  by 
expanding  its  fundi^  of  turbine  component  devekq>mi^t  programs 
and  the  dononstration  of  technology  in  ccunplete  engines,  such  as 
those  bmng  ccmductod  by  toe  EPA  with  NASA  support.  (I  would  not 
reemnmena  toe  use  of  ccunplete  engines  except  that  toe  technolc^ 
develc^ments  are  msanii^lfiSB  unless  they  are  donemstrated  in  an 
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eneiiw.)  Such  prc^B^rai^  stimulate  more  activity  and  interest  by  tbe 
tedmicid  ccanmunity  in  this  field.  It  also  provides  the  catsly^  for 
gmerating  more  active  proc[rsiiw  within  the  car  c<snpanies  and  pro¬ 
vides  the  technical  basis  for  justifying  greatly  expand^  expenditures 
within  these  organisations. 

Because  of  the  importance  of  leadtJme  to  the  economic  implementa¬ 
tion  of  new  developments  in  the  car  industry,  we  should  n<A  wait  for 
the  fmmaticm  of  t^  new  eiwrgy  agmrcy  but  should  increase  the  effort 
and  spen^ng  rate  in  the  various  existing  agencies. 

In  addition,  ^  expenditures  that  are  made  diould  be  concentrated 
cm  tte  automotive  gas  turbine  to  insure  its  success,  rather  than  ccm- 
tinuiirg  to  be  didrursed  broadly  on  activities  that  can  have  little  im¬ 
pact  on  our  future. 

Specifically,  we  recommend  that  the  Government  issue  ccmtracts 
to  industry  m  the  amount  of  $30  million  to  $50  million  per  year  for 
the  irext  p  years,  with  additicmal  suppOTting  work  by  Government 
l^ratoriee.  A  portion  of  this  eacpenmture  should  go  to  the  automo¬ 
tive  companies,  when  they  are  willing  to  publish  results,  such  as  in  the 
Chrysler-EPA  program.  From  the  5-year  point  cm,  we  believe  the  car 
companies’  own  development  and  pilot  production  efforts  would  be¬ 
come  very  competitive  and  aggressive,  and  no  further  Government 
seed  money  would  be  required. 

Taking  this  s^ng  action  now — that  is,  concentrating  the  effort  cm 
the  most  promisii^  candidate  and  substantially  increasing  the  effort — 
can  provide  the  industry  with  the  leadtime  needed  to  make  an  eco¬ 
nomical  transition  to  a  new  powerplant  during  the  mid-1980’s  that 
will  meet  our  desir^  miergy  goals. 

In  closing,  we  wish  to  em^asize  that  our  great  free  enterprise 
tem  can  best  solve  our  economic  problems  wiQi  minimum  interference 
by  the  Government  and  with  regulations  of  a  technical  nature  limited 
to  those  that  are  firmly  establi^ed  requirements.  The  purpose  of  tte 
Grovemment  development  expenditures  that  we  recommend  are  not 
to  interfere  with  our  competitive  system  but  to  advance  the  technology 
needed  to  avoid  future  problems  with  our  environment,  ^ergy  re¬ 
sources,  and  economy,  while  allowing  our  lifestyle  to  ctmtinue  to 
improve. 

Mr.  Stshnoton.  Thank  you  very  much,  Mr.  Williams  and  Mr.  Joli- 
vette  for  this  presentation. 

There  is  one  question  which  quickly  occurs,  and  although  it  is  not 
exactly  an  inconsistency,  it  does  appear  to  involve  ideas  that  seem  to 
run  counter  to  one  another. 

At  one  point  in  your  testimony,  you  suggest  that  NASA  shouldn’t 
be  trying  to  develop  an  engine,  but  should  be  exploring,  conducting 
certain  research  objectives;  and  yet  at  page  8,  you  recommend  that 
NASA  concentrate  on  the  autoinotive  gas  turl^e  apparently  to  the 
exclusion  of  other  modes. 

^  It  seems  to  me  if  we  are  going  to  ronduct  essentially  what  is  tran¬ 
sitional  research  from  bwc  to  applied,  we  want  to  do  it  across  the 
range  of  poeaSble  alternatives  rather  than  concentrate  <mi  one,  w<mldn’t 
you  tiiiink? 

Mr.  WnxiAMs.  I  would  like  to  make  two  comments. 

I  am  not  suggesting  that  the  Government  develop  enginea  to  the 
point  that  they  are  ready  for  produolnon.  I  don’t  thii*  any^y  would 
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want  to  on  tttgine  devel<^>ed  by  %  Qovenuneat  oommittee.  But  it 
is  nacimaef  to  eompldie  eogiiieB  in  order  to  dev«i<^  tlw  teeh- 

nolOKy  of  tiitbine&  Too  need  to  do  e  lot  of  work  on  materials,  on 
cotaponents  of  the  gas  turbrae,  oompreesors,  heat  mDchangers,  com- 
bneters,  and  then  donoonstrate  those  modij^  and  develop 
the  tecojudogy  of  engine  design  to  ntalize  those  items.  And  I  pointed 
out  that  the  auto  companies  then  would  take  those  po^cms  of  that 
tedinology  that  ate  practical  from  their  market  standpoint  and  incor¬ 
porate  them  in  their  engine  designs.  But  we  should  proceed  with  cmn- 
plete  engines;  otherwise,  the  prt^^ram  would  be  meaningless. 

1  am  tecommending  that  we  concentrate  on  gas  turoines.  It  is  the 
only  alternate  powe^lant  and  I  don’t  classify  the  various  kinds  of 
piston  engines  as  bei^  truly  alternates.  It  is  the  only  basic  type  of 
poweiplant  that  has  ^n  or  interest  to  the  car  cmnpanies  over  the 
years.  It  is  the  only  alternate  po^rplant  that  has  had  a  lot  of  money 
spent  mi  it  altsady  through  die  aircraft  side,  and  I  think  from  a  prac¬ 
tical  standpoint,  it  is  the  mily  alteniate  that  can  really  seriously  eventu¬ 
ally  take  over  tne  autmnotive  powerplant  industry.  All  of  the  Oov- 
emment  studies  indicate  it  is  the  most  promising. 

Now,  I  am  not  saying  we  shouldn’t  work  on  very  long-term  progro^ 
such  as  batteries,  'i^ou  need  about  a  tmifold  improvement  in  batteries, 
so  you  need  a  technical  breakthrou^,  and  it  is  worth  spmiding  smne 
money  on  this  type  of  thing.  What  I  am  saying,  if  you  would  spend 
90  or  95  percent  of  the  effort  on  the  gas  turbine,  that  the  Government 
coidd  then,  in  &ct,  have  some  contributing  good  influence  on  our  fu¬ 
ture  autmnotive  propulsion.  I  think  sprei^ng  the  money  broadly  is 
rather  pointless.  I  don’t  think  it  really  will  influence  the  future. 

Mr.  SnciHwroK.  Perhaps  we  need  to  define  what  we  mean  by  the 
future. 

Mr.  WnjjAMs.  Yes. 

Mr.  SnoNGToir.  You  would  suggest  that  we  devote  90  to  95  percent 
of  Federal  automotive  research  assistance  funds  to  gas  turbine  prob¬ 
lems.  At  what  point  would  you  expect  payoff  there  in  terms  of  a  clean, 
efficient,  and  nonpollnting  engine? 

Mr.  WtuxAMS.  In  5  years  we  would  have  prototypes  that  have  all 
the  fundunental  requiranents;  that  is,  efficiency  20  to  30  percent  bet¬ 
ter  than  the  improvra  piston  en^es. 

In  other  wo^,  far  enough  ahead  of  the  piston  engine  that  the  car 
companies  would  be  willing  to  really  move  into  that  subject 
aggressively. 

Mr.  Stxikoidit.  In  5  years,  at  what  level  of  funding  now  are  you 
thinkii^f 

WHJJUXB.  I  am  saying  from  $30  million  to  $50  millicm  a  year 
for  5  years. 

Mr.  SncnroiON.  And  how  would  this  fund  be  administered  ?  Would 
it  go  to  auto  companies  directly  or  to  research  companies? 

Mr.  WiLUAicB.  Well,  I  would  suggest  that  on  the  order  of  10  to  15 
percent  go  to  the  car  cmnpanies.  It  mmp<Htant  to  have  them  involved 
and  interested  and  they  can  help  guide  the  effort  into  useful  channels. 
I  think  they  will  have  their  own  programs  and  will  continue  to  have 
their  own  programs  (m  gas  turbines.  But  I  think  the  majority  of  this 
money  ne  spent  by  the  devel^ment  ccnnpanies,  the  aircraft  engine 
compuiiee  that  do  have  gss  turbine  experience,  the  research  laborafony 
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csn  devek^  high  temperature  aU<^  aad  ceramic  materials,  all  of  the 
various  contrai^ors  that  -have  demoustrated  contribute 

to  this  kind  of  tetdinok^. 

Mr.  STidKorov.  If  it  m  $80  to  $50  for  them  turbine  reeeardi  with 
10  to  15  percent  of  that  to  ^e  com  pan  Lee,  if  Utat  $80  to  $60  represents 
90  percent  of  the  total,  you  would  cimtemplate  the  allocati<m  of  $5 
millicm  or  so  to  the  alternative  modes  across  the  boud.  I  think  my 
arithmetic  is  correct. 

Mr.  WiuJAXs.  Wdl,  I  un  sa3nng  that  the  long-term  things,  such 
as  dectric  batteries,  su<h  as  lodo^  forward  to  the  day  when  we  ward; 
to  manufacture  fud  frmn  electric  power,  such  as  hydrogen,  I  think 
those  are  very  long-term  thin^  that  require  breakuurcughs.  I  think 
it  is  worth  some  ccmtintud  funding  by  the  Government  to  seep  up  the 
pressure  cm  that  type  of  thing. 

Mr.  STMiNcnoN.  But,  in  your  view,  that  could  be  a  foirly  low  level 
of  funding. 

Mr.  WouuAicB.  I  am  talking  (mly  of  5  percent  of  $50  millifm. 

Mr.  Stiokoton.  Yes. 

Mr.  WnjiTAMB.  If  you  really  want  to  make  an  impact  on  the  future 
automotive  propulsion  businees  whidi  is  not  easy  to  do,  if  yon  want  to 
make  an  impact,  I  think  you  have  to  take  advantam  of  the  work  that 
has  been  done,  the  Govomment  studies  that  have  been  done,  the  con¬ 
clusions  already  reached  that  the  gas  turbine  is  the  powerplant  with 
the  most  potential  and  ooncentn^  (m  that  and  try  to  have  a  real 
influence  on  what  h  wpens. 

Mr.  SnciNaTON.  Ifo  you  see  the  gas  turbine  engine  as  being  the  o^ 
eradve  prcmulsion  tmit,  say,  through  the  year  2000?  Do  you  see  it 
conii^  (m  Ime  in  5  years  or  7  or  8  years,  and  then  being  the  engine  for 
a  decade  or  more? 

Mr.  Williams.  I  think  you  start  to  see  production  pilot  runs  and  so 
on  in  8  years  and  mass  productum  onning  along  in  10  years,  and  I 
think  that  it  will  last  for  20  or  30  years,  we  certainly  have  an  abun¬ 
dance  of  fossil  fud  that  gets  more  and  more  expensive  as  we  use  up 
the  supply  and  as  we  increase  capital  investmmit  in  order  to  utilize 
the  dinunishing  sources. 

Mr.  Stmikqton.  Do  you  see  it  using  other  than  dl  derived  fuel, 
coal,  for  ezamj^? 

Mr.  WiLLiAiis.  It  does  have  the  advantage  that  it  works  very  well  on 
a  variety  of  liquid  fuela  We  can  now  run  on  diesel  fud.  We  can  run  (m 
hydrogen  without  any  difficulty.  Coal  derived  liquid  fuels  would  be 
fine. 

Mr.  Stxiwgton.  Operatii^  at  (^;>timum  levd,  what  p«centage  im¬ 
provement  over  current  gas  mileage  would  you  percdve  for  the  aver¬ 
age  car  if  the  qn^e  w<a»  really  in  good  shape? 

Mr.  Williams.  The  current  design  of  auttmiotive  gas  turiune  mi- 
gine  is  about  equivalent  totlm  present  piston  engine.  It  is  better  at  full 
power  and  equivalent  at  25  percent  power,  and  is  considerably  pomrer 
d  idle.  And  when  you  operate  <m  the  Federal  driving  cycle,  for  ex¬ 
ample,  you  will  coBie  out  about  equivalent  This  is  <m  an  up-to-date 
tuirnne  ded|^  After  5  years  of  further  devel^ment  we  should  have 
a  20  to  80  percent  advantage  over  improved  pkicm  engines. 

Mr.  STMiNcrrox.  l7ow,  that- is  a  (xmsidetable  saving,  I  am  sure.  I  am 
just  trying  to  tiiink  in  my  mind  whether  we  can  extrapolate  the  in- 
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creiMd  use  of  vehicles  thst  use  the  enipne  end  the  diminishing  sup¬ 
plies  of  sad  the  need  to  ^  ssy,  to  coal  w  other  forms  of  fuel. 

Would  you  expect  thst  to  occur  ewa  nven  improved  efficiency! 
Wmddn’t  you  expect  other  than  oil  derived  fuel  to  be  used,  say,  in  20 
years,  even  with  the  gas  turbine  engine  if  it  were  then  inc<Hpmted 
into  most  cars,  as  I  tl&k  yon  pi^ec&lt 

Mr.  WnxiAxs.  I  think  that  is  ui  interesting  reascm  that  I  had  not 
considered.  I  am  not  an  expert  on  fuel  reserves.  I  understand  that  the 
oil  will  last  quite  a  while  if  we  allow  the  price  to  go  up.  But  certainly 
there  is  an  abundance  of  coal  derived  fuels  ior  the  future,  a  tremen¬ 
dous  abundance.  That  is  an  interesting  p<^t  that  the  gas  turbine  would 
certainly  run  very  well  on  that  type  of  fuel.  Whether  that  would  come 
in  20  years  or  not,  I  really  don’t  bow. 

Mr.  Sticinoton.  Mr.  Starkman  of  (general  Motors  reccmunended, 
md  I  b<^  you  get  a  chance  to  look  at  his  testimony,  against  develop- 
ii^  prot^ype  engines.  I  don’t  know  quite  what  the  time  frame  was  in 
his  recommendation.  He  thinks  Government  should  stick  to  fundamen- 
tiU  research.  I  take  it  there  might  be  some  difference  of  opinicm  with 
hhn  on  your  part  that  we  are  going  to  come  up  in  5  years  with  some 
ideaa  We  better  have  some  prototypes,  don’t  yon  think? 

Mr.  WnxiiAws.  I  d<m’t  know  that  there  is  a  basic  difference  between 
Professor  Starkman  and  me  on  this  point.  I  think  not  because  I  also  be¬ 
lieve  that  the  emphasis  should  be  tm  the  technology  and  that  we 
shoul<^’t  expect  a  car  company  to  pick  up  one  of  these  Nigines  and 
run  with  it  as  a  production  engine.  But  I  do  believe  that  it  is  important 
under  the  govemmrat  program  to  demcmstrate  that  technology  in  a 
cmnplete  engine. 

^  In  other  words,  we  have  to  (tevelop  these  engines  to  operate  at  much 
higher  temperatures.  We  are  now  operating  at  about  1,800®  F.  We 
bve  to  go  up  to  2,200®  F.  which  is  the  temperature  now  being  used 
in  big  fan  jet  engines  and  tiiis  takes  cmnplete  engine  development  to 
devel<m  this. 

Mr.  STHnroTON.  Are  there  any  safety  hazards  involved  in  going  to 
these  high  temperatures? 

Mr.  WnxjAMS.  No,  there  are  not. 

Mr.  Stmiwoton.  Mr.  Brown. 

Mr.  Brown.  I  had  a  sort  of  a  general  question.  First,  may  I  say, 
however,  that  I  think  your  testimony  is  extremely  helpful  in  its  overall 
content  and  its  evalnati<m  of  the  sitnaticm  with  regard  to  the  tuihine 
engine. 

You  have  indicated  that  a  great  deal  of  effort  has  been  put  on  a 
turbine  engine  for  automotive  applications  stemming  out  of  the  great 
success  of  such  engines  with  aircraft. 

Can  you  suggest  why  it  is  that  we  have  not  advanced  to  the  stage 
of  a  production  type  turbine  engine  for  automobiles  in  view  of  the 
amoimt  of  m<mey  that  has  been  ^nt.  Are  there  s«ne  differences  witii 
r^ard  to>  their  autrmmHve  envinmment  as  compared  with  the  air¬ 
craft  environment  which  causes  problems  that  are  of  particular  dif¬ 
ficulty?  Everyone  agrees  that  the  turbine  engine  has  a  lot  of  promise 
and  a  lot  of  money  hM  been  spent  trying  to  develop  that  promise. 

Mr.  WiuxAics.  I  think  first  ot  all,  it  will  take  at  least  20  years  to 
devel<^  aigr  altOTnate  to  the  piston  engine. 
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Mr.  Bboww.  We  start  wkfa  the  ixA  that  tartanfe  enginwt  are  far  more 
than  20  years  old,  depending  on  where  you  start  as  to  when  you  get 
to  the  end  of  that  20  years. 

Mr.  WiLUAKB.  It  does  take  this  long  background  of  devetopniNit 
to  oomp^  in  an  industry  that  has  had  so  inany  units  produced  and 
luu9  been  refined  from  a  production  standwint  to  the^  extent  t^t  the 
automotive  Migine  has  been  refined.  I  tibdnk  ^  big  difference  is  pro¬ 
duction,  the  difference  between  our  aircraft  indus&y  and  antommve 
industry.  T^re  is  a  need  for  a  great  refinement  in  the  design  and  in 
tbe  muiufacturing  processes  and  development  of  low  cost  process. 

Mr.  Bboww.  It  ]urt  went  through  my  mmd  that  possibly  one  of  the 
differences  might  be  that  the  airerait  environment  for  the 
engines  providm  some  factors  whi^  allow  the  operation  at  the  higner 
temperatures  that  you  suggested,  that  there  is  a  greater — ^well,  first, 
there  may  be  different  type  of  materials  that  could  be  used,  there  is 
a  greater  amount  of  heat  dissipating  ability  in  aircraft  flying  than 
there  is  in  autmoGbiks  running  on  the  highways. 

Mr.  WTT.T.TAifiL  There  is  more  emphasis  on  output  per  pound  of 
engine,  and  the  turbine  does  extremely  well  in  tms  arena.  But  the 
ot&r  factor  is  that  the  expenditure  has  been  continuous  for  the  auto¬ 
motive  gas  turbine  because  of  its  long-term  potential.  But  it  has  re¬ 
mained  a  very  small  investment  by  the  auto  companies  in  compariami 
with  their  continued  development  of  the  piston  engine,  so  we  have 
been  trying  to  cat^  up  with  a  moving  target,  and  I  think  we  are 
finally  g^ing  there. 

Mr.  Bbown.  Do  all  of  the  Big  Three  auto  companies  have  turbine 
engine  research  programs  ? 

Mr.  Williams.  Yes,  they  do. 

Mr.  Bbowx.  I  appreciated  your  focus  in  your  testimony  cm  the  role 
of  the  Government  as  a  contributor  to  technology.  I  think  most  of 
the  witnesses  have  tended  to  reflect  this  point  of  view,  and  some  of 
those  who  reacted  adversely  to  this  legislation  were  fearful  it  would 
involve  something  more  than  teehnolc^ — ^possibly  the  development 
of  a^— of  actually  putting  the  Government  in  the  automobile  pro- 
ductimi  business  which,  of  course,  is  not  something  that  the  Congress 
is  likely  to  accept  at  tlw  present  time. 

The  specific  proposal  of  this  bill  would  have  NASA  engaged  in  the 
type  of  technologuad  developments  that  might  be  necessary  in  this 
fidd,  wd  you  have  indicated  some  of  the  areas,  the  development  of 
materials  that  would  be  usable  at  high  temperatures,  and  other  items 
of  this  sort.  You  haven’t  spoken  directly  to  this  capability  of  NASA, 
but  I  presume  that  you  would  agree  that  they  have  a  competence  to 
make  a  contribution  in  this  area. 

Mr.  Williams.  Yes,  they  most  certainly  do.  I  think  that  you  have 
a  number  of  Government  agencies  with  the  technical  and  managemoit 
capability  for  this  kind  of  program. 

1  Hvot  the  new  Federal  agen<y^  energy  approach,  the  emergency 
R.  A  D.  approach,  but  I  also  &vor  mimring  sure  that  people  like 
NASA  who  have  great  capability  and  management  capability  1^ 
involved  in  tiiis  problem. 

Mr.  Bboww.  White  it  is  not  directly  before  us,  there  is  another  bill 
bearing  on  this  subject  Iqr  Senator  Tunney  which  also  comes  close 
to  the  thrust  that  you  suggested,  proposing  that  the  Department  of 
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TVanapnrtuHnn  be  enthorized  to  step  up  their  research  and  develop¬ 
ment,  primarily  tiirough  the  issuinp  of  otmtracts  to  appropriate 
agencies  for  conducting  ^e  technological  research  that  you  have  indi¬ 
ted,  and  3roar  tetdraimy  bears  on  his  legulatkm,  as  well,  I  think. 

Mr.  ’WitjJAiwL  I  ha^  of  course,  expuieiiee  with  the  EPA,  with 
their  diviskm  under  Joim  Brogan,  loey  certainly  have  excellent 
capability  and  I  would  like  to  see  their  {nogram  expanded  and  ad¬ 
vanced.  1  think  the  Department  of  Tnmsportaticm  has  excellent 
capaMli^.  *010  Army  work  in  this  area  has  bW  good.  The  National 
Smence  Foundaticm  woik  has  been  well  done.  I  think  as  I  said,  many 
of  these  agencies  are  in  good  slu^  to  make  cmitributions,  and  I  don’t 
lite  to  recommend  <me  agency  as  opposed  to  another.  I  simply  recom- 
nnnd  that  yon  expand  these  eflbrte  and  particularly  concentrate 
t^m - 

Mr.  Bbowk.  Just  one  last  m^ion,  if  I  may.  Ton  have  suggested  on 
page  7  that  a  program  of  this  sort  would  simulate  the  automobile 
c<Hnpanies  to  step  up  their  own  activities  in  this  field.  This  is  some- 
thii^,  of  course,  that  is  to  be  highly  desired.  I  just  want  to  ask  you  to 
reiterate  your  position  here  that  yon  feel  that  it  would  oollapm  the 
timetable  for  we  process  of  getting  a  worinble  alternate  engine  if 
there  was  tiie  stimnlatitm  as  provided  in  l^tidaticm  of  this  sort. 

Mr.  WiLLiAXB.  I  think  we  should  emphasize  this  would  be  seed 
numey,  imd  that  it  diouldn’t  go  on  and  on,  that  it  should  have  a 
definite  tinm  phase  and  should  definitely  plan  on  the  automobile  com¬ 
panies  picking  up  the  main  effort,  gradually  picking  it  up  during  the 
next  5  years,  and  by  the  end  of  6  years  I*  believe  they  would  m  off 
and  running. 

Mr.  Brown.  Thank  you  very  much,  Mr.  Williams. 

Mr.  Stkikoton.  In  that  crnmecticm,  you  mentioned  of  the  $30  to 
$50  million  of  Fe^ttl  seed  money  that  imut  10  or  15  percent  of  that 
money  wtmld  go  to  the  auto  manufacturers.  That  would  be  like  $3 
to  $6  million  to  the  companies  and  y^  you  see  the  companies  as  being 
the_  primary  focus  of  research  investment.  I  take  it  that  all  the  re¬ 
mainder  goes  to  support  other  research  and  ventures  outside  of  the 
autmnobile  compames,  but  which,  I  take  it,  are  somehow  cranked  into 
Detroit’s  research  at  some  later  «iate  down  the  stream. 

Mr.  W^iLUAifS.  They  are  already.  They  are  companies  that  are 
alre^y  inv^fiv^  in  the  autmnobile  indust^  as  suppliers.  They  are  jet 
engine  cwnpimies  that  are  already  participating  m  the  EPA  turbme 
programs.  We  have  a  lot  of  technology  that  is  of  interest  to  the  future 
of  tito  auto  turbine. 

Mr.  SmiNaToir.  What  level  of  funding  do  you  expect  from  the 
companies  to  meet  their  obUgation  in  this  respect,  if  they  were  to  get 
$3  to  $5  million  from  the  Gravernment,  divided  between  3  or  4  com- 
panieav  that  would  be  a  nnllimi  apiece.  That  isn’t  too  much.  What  do 
you  expyt  from  them  per  annum  in  this  area? 

Mr.  WnwAifB.  Well,  of  course,  by  the  fifth  year,  I  would  expect 
very  substantial  prograou  to  be  in  effect.  They  q)ent,  I  believe,  <m  the 
mderof  $2  billien  og  pmisaons  development  since  our  country  became 
very  interested  in  the  subject.  And  I  think  a  good  part  of  that 
s*me  kind  of  an  investment  woiM  be  made  in  tour  future  power- 
phmt  actiTities  in  time,  and  as  th^  move  to  productimi. 
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Now,  I  wotQd  »peet  each  of  them  to  be  q>endmg,  si^,  in  8  to  5 
years  liBO  million  eadi  on  automotive  turbines  and  steadily  iiwrease 
from  that  point  on. 

Mr.  Sthinqton.  Drawing  on  my  recollection  of  what  the  company 
smikeemen  said,  one  thing  I  recall  was  that  they  don’t  exped:  to  carrv 
the  full  burden  of  research  in  this  field;  they  are  spending  so  much 
time  and  efitort  meeting  immediately  problmns  such  as  emission  con¬ 
trols,  this  kind  of  thing,  they  might  hhe  to  see  that  f  (uinula  di|^ly 
changed,  the  one  that  y<Mi  recommend. 

On  the  other  hand,  EPA  tedified  that  it  was  Ddroit’s  entirely  to 
develop.  I’m  trying  to  rememter  the  figures.  Let’s  take  a  peek  mte. 

Well,  in  1973  GM  invested  in  alternative  power  research,  research 
direct  expenditures,  $23^424,000 ;  Ohryder,  $3  million  ?  Should  we  say, 
then,  that  the  automobile  companies  should  invest  24  or  25  times  as 
much  in  this  area  as  they  get  directly  from  the  Federal  Gkivemment 
seed  monev  program  ? 

It  would  appear  if  they  got  a  million  dollars  from  us,  in  1978,  that  is 
what  would  be  the  case. 

Mr.  Bbowk.  Would  the  gmtlemen  3rield  there  ? 

I  would  suggest  that  a  good  part  of  that  is  going  into  research  on 
the  present  type  of  prop&ion  systems,  the  piston  «agine,  or  other 
type  of  inter^  cinnbttstion  engine,  and  a  very  modest  part  of  that  is 
gomg  into  the  type  of  thing  represented  by  the  turbine  or  other  un¬ 
conventional  engines. 

Mr.  Williams.  Of  course,  the  real  investment  that  they  have  to  m^e 
starts  when  they  decide  that  they  are  serious  and  they  are  really  going 
to  go  ahead  wiw  a  particular  type  of  engine.  At  that  point,  they  have 
to  do  a  lot  of  engine  development  work,  tuihine  work,  road  testing  of 
large  numbers  of  engines,  development  of  manufacturing  methods, 
and  so  on. 

.  What  I  am  saying  is  that  after  we  get  through  this  seed  money 
phase,  their  costs  are  going  to  go  up  very  rapidly  when  they  decide 
thOT  really  want  to  go  imead  with  thb. 

HI  the  mterim,  I  think  they  will  be  gradually  increai^g  their  pres¬ 
ent  level  of  effort  on  gas  turbines  and  they  will  be  stimulated  to  do 
this  by  the  activity  generated  by  thb  ^ed  money. 

Mr.  Symington.  Any  further  questions? 

Mr.  Brown.  No. 

Mr.  Symington.  Thank  you  very  much. 

Mr.  Williams.  Thank  you  very  much. 

Mr.  Symington.  We  appreciate  your  testimimy. 

Our  next  witness  is  Mr.  Jay  Carter,  Jr.,  of  Jay  Carter  Enterprises 
of  Burkbumett,  Tex.  Mr.  Carter  and  his  father  ^ve  been  engaged  in 
development  of  a  steam  engine  for  automotive  use  which  was  de¬ 
scribed  quite  favorably  by  an  earlier  witness.  Mr.  Carter  is  here  to 
give  us  further  details  on  his  company’s  work.  We  welcome  you  to  the 
cimimittee. 

Mr.  Carter.  Thank  you.  It  is  a  pleasure  to  be  here  today,  and  we 
consider  it  an  h<mor  to  be  able  to  testify  on  what  we  have  done  and  give 
our  comments  on  yottr  bill.  As  you  said,  I  have  my  father  here  with 
me.  He  is  president  of  Texas  B^foroed  Plastics,  and  helps  me  out  a 
lot,  although  he  has  a  pretty  big  job  with  his  own  company. 

Mr.  Symington.  We  are  glad  to  have  Mr.  Carter,  Sr.,  with  us. 
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Mr.  CAKnsB,  Jm.  I  have  a  prepared  statement  here  concemi^  our 
comments  on  bill.  I  also  Mve  a  prepared  statement  on  our  Carter 
Steam  Car  which  I’ll  be  ^lad  to  read  and  I  have  a  short  movie  show¬ 
ing  oar  car.  It  is  about  6  nunutes  long. 

Mr.  STxnraroir.  You  can  present  your  testimony  any  way  you 
like. 

Mr.  Cakrb,  Jr.  In  the  interest  of  saving  time,  I  will  read  the  c<Hn- 
moits  to  your  bill  and  if  you  have  any  questions  at  that  time,  we  will 
stop  and  answer  them  or  co  into  the  statement  <»i  the  Carter  steam  car. 

[A  biographical  dcet<m  of  Mr.  Carter,  Jr.,  and  Mr.  Carter,  Sr., 
foUows:] 

Jat  W.  Oabier,  la 

timeaUm 

BSMB,  Texas  Technological  College,  1868. 

Bwpertenoe 

BeU  HeUeopter  Company,  1908-18TO.  lolned  Bell  as  a  Beaeaidi  and  Develop¬ 
ment  BBglneer.  Worked  as  designer  <m  Hodri  300  proprotor  blade  and  on  the 
D  212  thm  tip  extended  dioid  blade.  Principal  designer  of  D  270  proprotor  blade 
and  folding  mechanism.  Design  engineer  on  D  272  hddlng  proprotor  blade. 

Jay  Carter  Baterprlses,  1970  to  imesmit  Worked  on  design  and  derelc^ment 
of  Banhln  C^cte  tqrstm  whlrii  was  Installed  In  a  Vtdkswagmi  sqnareback. 

Pr(tfe$$tomta  soefsMes 

American  Hriletvter  Society,  American  Society  of  Medianlcal  Engineers,  Texas 
Society  ei  Professional  Englneera 

BamtpUHO  of  popera  and  pubUeationa 

(1)  A  Stndoit's  Designed  and  Bnilt  Gyrocopter,  presented  to  ASMB  Sonth- 
west  Begimial  Conference  Spring  1867. 

(2)  How  to  Design  Yonr  Own  Airplane  presented  to  the  Experimental  Air¬ 
craft  Aseoriatlon,  Dallas  Chapter,  March  fhronid>  November,  1869. 

MiaoManeoua 

Manager  of  Texas  Tech  Science  and  Engineering  Show  1965-1966,  Vice-Presi¬ 
dent  Texas  Tech  Student  Association  1867-1968.  Co-inventor  on  patent  apidica- 
tlon  for  advance  technology  proprotor  blade  at  BeU  Helicopter.  Designed  and 
bnilt  two  gyrocopters  while  going  to  sdiooL  Started  building  an  all  fiberidass 
posher  aitidane  while  at  Bell  Helicopter.  Vice-President  Experimental  Aircraft 
Association,  Dallas  Chapter  and  Wichita  Palls  Chapter.  Private  pUot’s  license, 
single  miglne  land. 


1.  Wathx  Cakxb,  Sb. 

Bom  June  26,  1928  liarried,  fonr  chUdren. 

Education 

High  School,  P<mca  City,  Okla.,  19ffi. 

Airaaft  Engine  Scho(d,  Duncan  Field,  Tex. 

Army  Spedallsed  Traliiing  Program,  Engineering — Western  Maryland  College, 
Westndnster,  Md.,  1918-194A 
BSME,  Texas  Tech  University,  1946-1948. 

Enperienee 

Bonstabont  in  oU  fields,  summers  1988, 1940, 1941. 

Part  time  machine  shop  work,  1946, 1947, 1948 

Texas  Power  A  Light  Co.,  Ti^dad,  Tex.,  Plant,  February  1949-October  1962, 
asristant  mechanical  oigineer. 

Industrial  Generating  Ca,  Bockdale,  Tex.,  October  1962-S^tember  1966.  Chief 
mechanical  engineer  in  charge  of  all  mechanical  maintenance  at  the  360,000 
lignite  bnmtag  power  plant 

Fish  Engineering  Co.,  Houston,  Tex.,  October  1866-February  1967.  Design  and 
development  mglneer  on  calciam  chloride  dehydration  units  bring  developed  for 
gas  wi^ 
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Blade,  Slvalla  &  Bryson,  Inc.,  Oklaboma  City,  (Mtia.,  Marcb  1S67  to  Anynst  IMO. 
Project  engineer  at  tto  teseardt  lab.  Designed  qiteclal  machines  for  winding  large 
diameter  raeridan  tanks.  These  machines  were  nsed  to  wind  the  first  snccessfnl 
Polaris  and  Mlnnteman  mlssllen  made  with  glass  fibers. 

Bla^  Sivalls  A  Bryson,  Inc.,  filament  strnctnres  dlvlalom,  Ardmore,  Okla., 
March  1967-October  IMS.  ChiM  engineer.  This  dlrlslon  was  formed  and  a  large 
mannfactnrlng  plant  built  as  a  res^  of  the  success  at  the  research  lab  in  CBda- 
homa  City.  All  slses  of  filament  wound  fiber^hss  tanks  were  made  at  this  facility 
as  well  as  several  hundred  Mhmtemaa  and  Polaris  misaUe  chambers. 

mdilta  FaUa  Beaeardi  Co.,  Wkhlta  Palls,  Tez.,  October  IMS-AptU  1961. 
Besigned  from  B8  A  B  to  form  Widilta  Palls  Beaeatch  Co.  Started  design  and 
devel<gHnent  work  <m  a  machine  to  contlnnonaiy  produce  filament  wound  fiber¬ 
glass  ^pe. 

Texas  Reinforced  Plastics,  Ine.,  BnrU>nmett,  TUz.,  May  1964  to  present  Pres- 
idmt  and  major  atockhdder.  Sold  pipe  manufactnring  equipment  and  patent 
application  to  CIBA  Products  Co.  Pebmary  1966.  T.R.P.  has  oontinned  to 
develop  new  products,  and  design  and  build  spe^l  machinery  for  the  CIBA  pipe 
operation. 

Jay  Carter  Enterprises,  Inc.  Formed  in  1969  to  develop  new  ideas  and  to  do 
cmitract  woA  for  Jay  Carter  Assodatea.  Prestdmrt 

Pstenta 

Aigkrozimately  10  patents  have  been  issued  in  my  name,  with  several  In  for¬ 
eign  countries.  Several  more  patent  applications  have  been  filed  In  the  patent 
offlee. 

Miteetkmeotu 

Monber,  American  Society  of  Mechanical  Engineers  code  committee  for  ifiastic 
pressure  vessels. 

Member,  Experimental  Aircraft  Assodatton. 

Member,  Popular  Sotorcraft  Association. 

Member,  Steam  Automobile  Club  of  America. 

STATEMSHT  OF  TAT  CABTEB,  JX.,  TAT  CASTEX  EETEXFXISES, 

BUXEBUXEETT,  TEX.,  ACCOXPABIED  BT  T.  W.  GAXTEB,  SX., 

PXESIDEIIT,  TEXAS  XEDIFOBCIED  PLASTICS,  IBC. 

Mr.  Cakter,  Jr.  We,  at  Jay  Carter  Enterprises,  are  honored  to  be 
invited  to  appear  here  today,  and  appreciate  the  opportunity  to  discuss 
our  views  on  H.R,  10392.  Accompanjdng  me  today  is  my  father,  J.  W. 
Carter,  Sr.,  who  is  president  of  Texas  Reinforced  Plastics,  Inc.,  a 
research  and  development  company.  Six  years  ago  he  started  Jay 
Carter  Enterprises  with  the  goal  of  developing  a  steam  powered  auto¬ 
mobile  that  would  be  competitive  with  the  internal  combustion  engine. 

We  support  bill  H.R.  10392  and  approve  of  the  use  of  NASA  for 
ground  propulsion  systems  research  and  development,  because  we  feel 
there  is  a  need  for  tne  development  of  an  efficient,  clean-burning  pro¬ 
pulsion  system  with  multifuel  capabilities.  However,  NASA’s  program 
should  remain  separate  and  independent  of  any  other  agencies  formed 
or  that  may  be  formed  for  this  type  work.  We  believe  that  competition 
and  the  incentivee  it  develops  are  just  as  important  in  government  as 
it  is  in  industry. 

T^re  are  two  main  items  which  must  be  incorporated  into  the 
project  to  insure  that  the  best  solutions  are  obtained  in  the  quicks 
and  most  efficient  manner. 

First,  it  is  necessary  that  competition  and  the  incentives  it  develops 
are  generated  between  two  of  more  government  agencies  striving  to¬ 
ward  a  common  cause.  There  may  be  overlapping  efforts  between  the 
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agenciM,  but  becauM  of  the  ctHOpetition  and  the  desire  between  the 
ajj[enciee  to  get  credit  for  having  the  firat  and  best  solution,  the  overall 
time  and  coats  will  be  lees.  Certainly  we  want,  as  miickly  as  possible,  to 
have  an  ener^  efficient,  low  polluting,  multifnm  power  ^stem,  but 
at  tlm  same  tune  we  don’t  want  to  into  something  that  we  are 
going  to  have  to  live  with  for  the  next  half  century.  Competition 
between  goveinment  agencies  will  help  assure  that  this  won’t  happen. 

Addititmal  incentives  must  be  ^ven  to  those  (Xirporations  awarded 
the  contract.  A  cost-plus  contract  is  not  conducive  to  efficient,  creative 
performance.  If  the  Government  expects  to  set  qualified  companies  to 


their  contractors,  then  the  contractors  should  be  permitted  to  retain 
at  least  half  of  any  profits,  royalties,  or  patents  which  are  obtain^ 
as  a  result  of  their  efforts. 

I  understand  that  NASA’s  primary  effort  will  be  in  the  area  of 
mana^ment,  analysis,  test^  and  evaluation  and  that  the  bulk  of  the 
work  18  accomplished  outside  the  Government,  in  the  private  sector, 
where  it  belong.  Therefore,  they  will  be  inviting  requests  for  pro¬ 
posals  from  industry.  I  strongly  suggest  that  they  do  not  limit  pro¬ 
posals  to  large  compatues.  There  is  a^  creative  ability  in  small  firms. 

As  I  mentioned  earlier,  we  have  been  working  on  a  steam  system  for 
an  automobile.  We  recently  had  our  steam-powered  Volkswagen  tested 
by  the  EPA  lab  in  Anr.  Arbor,  where  our  car  became  first  oi  any  type 
to  meet  the  original  1976  emission  levels  without  any  add-on  control 
devices. 

We  will  be  glad  to  answer  any  questions  about  our  steam  car,  the 
EPA  test  results,  or  any  comment  we  have  made  about  H.R.  10392.  If 
there  are  no  que^ions  we  can  go  on  to  describe  our  system,  and  what 
we  have  done. 

Mr.  Stminoton.  I  think  we  can  go  ahead  unless  Mr.  Brown  has  a 
question  here. 

Mr.  Bbown.  I  think  we  ought  to  go  ahead. 

Mr.  Cabteb,  Jb.  We  recenuy  completed  tests  on  our  steam-powered 
Volkswaron  at  the  Environmental  Protection  Agency  lab  in  Ann 
Arbor,  Mich.,  where  our  car  lecame  the  first  of  any  type  to  meet 
the  very  strict  original  1976  emission  levels  without  any  add-on  emis¬ 
sion  control  devices. 

Besides  getting  extremely  low  emission,  our  fuel  economy  was  24.7 
mpg  at  30  mph,  20.9  mpg  at  50  mph,  14.9  mpg  over  a  cold  start  1975 
dnviim  cycle,  and  17.3  mpg  over  the  Federal  highway  driving  cycle. 

WhUe  these  fuel  economy  numbers  are  fiiir,  they  do  indicate  the 
potential  for  very  good  fuel  economy,  equal  to  or  better  tiian  1974 
automobile  fuel  econcMiiies,  based  on  the  tested  baseline  data  and  the 
known  relative  easy  areas  for  improvements.  Based  on  the  results  of 
our  first  ^am  car,  our  second  car  will  have  emissions  at  least  one'third 
of  the  original  1976  emission  levels,  over  25  mpg  at  55  mph,  over  20  mpg 
over  the  Federal  driving  cycle,  and  a  drive-away  time  from  a  cold  start 
of  15  seconds  or  less. 
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Initially,  research  was  renewed  on  the  ^eam  enmne  because  of  its 
inherent  low  emissions,  but  besides  having  very  low  emission  and 
excellent  fuel  economy,  there  are  several  other  factors  which  make 
the  steam  engine  an  excellent  alternative  to  the  internal  combustion 
ensme. 

The  steam  system  can  use  a  variety  of  different  fuels.  It  is  not  lim¬ 
ited  to  burning  only  petroleum  products,  as  a  matter  of  fact,  it  can 
bum  coal  tar,  a  derivative  of  coal.  There  is  reported  to  be  enough  coal 
in  the  United  States  to  supply  our  energy  needs  for  800  years.  So  the 
sooner  we  change  to  burning  coal  products  in  our  cars,  and  saving  our 
petroleum  products  for  other  needs,  the  better  off  we  are. 

Also,  the  steam  engine  has  the  potential  for  extremely  long  life,  on 
the  order  of  at  least  500,000  miles  before  overhauls.  The  application 
for  taxis,  buses,  and  tructe  is  ideally  suited. 

We  have  taken  a  fresh  and  new  approach  to  many  of  the  problems 
associated  with  a  steam-powered  vmicle,  which  is  obvious  since  our 
fii^  complete  system  fits  into  the  Volkswagen  engine  compartment 
with  the  exception  of  a  small  ram-air  condenser  located  up  front.  The 
total  sy^m  weighs  only  120  pounds  more  than  the  original  internal 
combustion  engine,  and  includes  the  condenser  wei^t  which  is  made 
out  of  lead  and  brass.  Little  effort  was  made  to  conserve  weight  on 
the  first  prototype. 

Our  automobile  powerplant  is  a  completely  closed  system  which 
means  we  do  not  have  to  add  water.  We  use  the  same  water  over  and 
over  again.  We  alw  do  not  lose  any  oil,  which  means  we  can  virtually 
bathe  our  piston  rings  in  oil.  It  is  because  of  the  almost  perfect  lubri¬ 
cation  in  our  system,  that  enables  our  engine  to  last  so  long. 

The  expander  put  •;  out  over  90  shaft  horsepower  from  85  cubic  inches 
at  2,000  psi  steam  pressure  and  5,000  rpm.  The  steam  temperature  is 
constant  at  1,000°  F. 

The  car  was  first  driven  around  Burkbumett  on  March  15,  1972, 
over  2  years  ago  and  now  has  accumulated  over  4,500  road  miles. 

Drive-away  time  from  a  cold  start  as  tested  by  EPA  over  the  1975 
Federal  driving  cycle  was  28  seconds  and  32  seconds. 

My  father  and  I  are  both  meckBUiical  engineering  graduates  of 
Texas  Tech  University.  My  father  is  president  of  Texas  Reinforced 
Plastics,  Inc.,  a  research  and  development  company  that  develops  re¬ 
inforced  fiber  glass  pipe  and  products  for  the  oil  and  chemical  indus¬ 
tries.  He  developed  the  first  successful  glass  filament  wound  rocket 
motor  chambers  for  the  Polaris  missiles. 

As  a  result  of  our  recent  tests,  the  steam  engine  can  no  longer  be 
Ignored  as  a  p<^ble  practical  alternative  to  the  pollutmg  internal 
combustion  engine.  The  steam  engine  may  be  given  a  second  chance 
to  supply  the  power  needs  of  the  world  as  it  did  in  the  early  years  of 
our  industrial  revolution. 

[The  following  attachments  of  Mr.  Jay  Carter,  Jr.  are  as  follows :] 
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aH  aftbathia.  At  00  mi  par  boar  tba  14  tocb  4tamator  ton  tonit  A  4^  rpm,  an4  la  abtorbing  a  tomHIeant  amaant  of 


Srxnumxm.  Thank  you  very  much,  Mr.  Carter,  for  an  inter- 
eetiim  and  informative  statement. 

Dm  you  have  a  film  of  this  car  that  you  wanted  to  show  us? 

Mr.  Cakter,  Jr.  Yes,  we  do. 

Mr.  Stmin^n.  T^y  don’t  we  look  at  that  now. 

[At  this  point  a  short  fihn  was  shown.] 

Mr.  Cartei^  Jr.  This  film  was  taken  almost  2  years  ago  in  October 
1972.  It  was  just  before  publicly  releasing  the  fact  that  we  had  been 
building  a  steam  engine  for  an  automobile. 

Wo  felt  like  it  was  better  to  get  a  system  built,  developed,  and  put 
in  a  car  before  telling  j^ple  what  we  had. 

^ere  have  been  a  lot  of  people  who  talked  about  what  they  were 
going  to  do.  There  have  been  a  lot  of  false  starts  with  a  steam  car  and 
we  just  didn’t  want  to  be  classified  in  that  category. 

^  very  few  h^  heard  about  our  system  until  October  1972,  when 
we  invited  Mr.  Tifman  who  was  then  Director  of  the  California  State 
Leg^ature  Federal  Office,  to  come  out  and  see  us. 

These  shots  were  taken  on  the  day  that  he  cune  out. 
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Y(Kt  can  aee  we  have  added  some  extra  louvers  on  tibe  fender  weU 
for  more  air  flow.  We  have  a  large  condraser  in  the  rear.  We  added  a 
small  ram-air  condenser  up  front.  We  have  no  trouble  condensing  all 
of  our  steam  (m  a  lOO-degree  day  at  70  n^L  As  a  matter  of  fact 
around  June  of  last  year,  we  drove  our  car  oack  from  San  Antonio 
in  lOO-dearee  weather  without  any  appreciable  loss  of  water. 

These  w<rts  wme  taken  on  our  drive  to  the  airport  to  pick  Mr. 
Tinman. 

At  this  time,  our  system  was  completely  automatic  and  by  that  1 
mean,  you  turn  the  key  on,  20  to  25  seconds  later.  The  car  is  ready  to 
drive  off.  It  operates  exactly  tlm  same  as  a  regular  Volkswagen.  You 
shift  gears.  We  use  the  stanwrd  Volkswagen  nmr-speed  transmission. 
We  have  taken  a  new  improach  on  our  engme  system  which  has  oiabled 
us  to  do  a  lot  of  wonwrful  things  which  no  one  else  has  been  able  to 
da  We  have  a  valve  system  which  requires  no  lubrication.  It  operates 
at  high  temperatures  and  high  pre^res  since  it  has  no  high  pressure 
nor  hi  A  temperature  seala  We  operate  at  2,000  psi  pressure  and  6,000 
rpm  which  is  the  reason  we  can  develop  8^  horsepower  per  cubic  indi. 
We  operate  at  a  constant  expansion  ratio  at  11.3  to  1,  which  enables 
us  to  get  the  most  amount  of  energy  out  of  the  steam  before  we  ex¬ 
haust  it  into  our  condensers. 

Here  are  stune  ^ots  from  the  air.  My  father  was  doing  the  flying. 
I  am  doing,  I  would  say,  around  75  miles  per  hour.  I  wanted  some  nice 
shots  pasEnng  several  trucks.  The  speed  limit  at  th‘,  time  was  70  miles 
an  hour.  I  have  another  shot  where  we  are  driv  g  about  80. 1  think 
this  is  where  we  are  goi^  80.  The  trucks  alor.?  th*»  flat  highways  of 
Texas  drive  a  good  70  miles  an  hour.  But  even  a>  oO  miles  an  hour,  we 
are  n^  ^  full  throttle. 

Tliis  is  our  shop.  It  is  an  airplane  hangar.  V^«i  we  built  this  car 
ttiere  were  two  people  <m  the  payroll,  a  machmist  and  myself.  My 
ftitiber  helped  a  lot  as  a  comraltant.  We  have  since  hired  two  other  fel¬ 
lows,  a  draftman  and  another  machinist. 

This  is  the  instrument  panel,  although  most  of  the  instruments  are  in 
the  glove  compartment.  We  do  a  lot  of  driving  of  our  car  on  the  high- 
w^  and,  of  course,  it  is  set  up  so  we  can  run  tests  on  it. 

Here  is  a  view  of  the  engine  compartment.  The  white  that  you  see  is 
the  insolation  on  two  of  the  four  cylinders. 

Here  m  a  shot  of  the  expander.  It  is  a  4-cylinder  radial,  86  cubic 
inches  displacemeut.  The  water  pump  is  an  integral  part  of  the  engina 
The  total  package  of  what  you  see  raere  weighs  only  114  pounds  and 
includ^  the  expander,  feed  water  pump,  oil  pump,  throttle  valve,  and 
insulation.  Our  million-Btu,  capacity  boiler  weighs  126  pounds,  and 
thrt  includes  the  blower  motor  and  all  the  automatic  controls.  As  I 
said,  our  total  system  weighs  only  120  pounds  more  thmi  the  I.C. 
engine.  This  bei^  the  first  prototype,  I  was  very  conservative  in  all 
my  stress  analysis  of  the  engme,  and  of  course,  we  had  to  build  every¬ 
thing.  We  had  to  build  the  crank  shaft,  pistmis,  ccmnecting  rods,  and 
cylinders.  We  had  to  develop  all  of  our  automatic  (xmtnfls,  our  tem¬ 
perature  soosu^  units,  our  oil-water  separator,  and  we  evmi  did  the 
work  on  our  ccmdensers. 

The  fact  is,  we  have  takmi  a  new  approach  on  nearly  every  item  on 
the  steam  system. 

Mr.  Stscikcfion.  Thank  you  for  a  very  interesting  film. 


I  sm  gatog  to  have  to  leave  at  this  tuaoe.  Mr.  Brown,  will  you  take 
ov«r  tile  duwt  I  certainly  w<xild  like  to  see  that  car  one  of  these  days. 

Mr.  Caannu  Ja.  We  oonridered  bringing  it  up  here,  but  its  a  l<Hig 
way  to  briiw  me  cur.  We  had  it  at  EPA  a£l  toc«  a  1<^  of  pecmle  for  a 
ri^  there.  If  you  are  ever  down  in  mir  area,  we‘ would  be  glaa  to  take 
you  for  a  T^e  in  our  car. 

Mr.  Smoramw.  We  i^reeiate  your  testimony  very  much. 

Mr.  Casteb,  Jb.  ’Dumk  you. 

Mr.  ftmwK.  I  certainly  want  to  express  the  appreciatiem  of  all  of  the 
mmnbus  of  the  committee,  uid  our  interest  in  the  w(M*k  that  you  have 
dosie,  Mr.  Critter.  'Rie  first  question  that  occurs  to  ii^  and  I  imagine 
will  . occur  to  a  lot  of  people,  is  how  is  a  small  operation  like  your  own 
able  to  be  as  successful  as  you  have  been  in  developing  this  prt^otype 
car  when  the  major  automoh^  ccunpanies  seun  to  have  despaired  of 
suceesB. 

I  am  sure  there  are  legitmiate  reasons  why  Ford,  for  example,  has 
decided  not  to  omtinue  with  a  majm*  emphasis  mi  the  steamcar,  and 
other  major  companies  are  tike  sune  way.  But  I’d  like  to  hear  your 
reactimi  to  that.  t)oj<m  think  enall  companies  are  intrinsically  better 
than  big  companieef 

Mr.  Gabtcs,  Jb.  No;  I  don’t  think  that  is  necessarily  true.  I  think  a 
lot  of  our  success  is  probably  due  to  attitude.  We  are  privately  financed 
and  have  not  had  tm  mmiey  to  afford  to  make  many  mistakes,  so  we 
have  to  be  very  careful  wim  what  we  do,  and  of  conrt^  because  we 
stand  to  |^m  everything  that  we  develop,  the  incentive  is  there  for  us 
to  wwk  on  it  nearly  evei^  minute  of  our  wmrking  day.  I  take  the  proj¬ 
ect  hmne  with  me.  I  take  it  to  bed  with  me. 

It  is  very  easy  to  spend  a  lot  of  money  when  you  get  started  on  the 
wrong  approach.  That  happens  sometimes  in  research  and  develop¬ 
ment.  It  is  very  unfortunate  whmi  they  spend  a  lot  of  money  on  the 
wrraig  approaw,  and  it  is  unfortunate  that  they  have  given  up  so 
soon. 

We  have  bm  fortunate,  I  believe,  in  that  we  have  taken  a  good  ap¬ 
proach,  and  it  is  mie  that  enabled  us  to  do  these  nice  and  wcmderful 
things. 

Mr.  Bbown.  I  want  you  to  do  justice  to  the  big  car  cmnpanies.  They 
say  there  is  an  intrinsic  limit  to  w^t  can  be  done  with  the  steamcar  in 
terms  of  fuel  ecmiomy  and  so  forth,  theoretical  limits  which  do  not  in 
their  (pinion  justify  devotiim  a  major  emphuistoit. 

Are  they  being  shortmgbtM  in  tius  analysis  ? 

.Mr.  Cabxbb,  ^  You  see,  there  are  themetical  limits,  if  we  believe 
aU  the  themy.  But  the  thing  is  thidi  the  people  do  not  know.  No  one 
knows  how  close  we  can  approach  those  theoretical  limits.  In  other 
wmds,  when  we  design  a  s^^m,  is  it  going  to  be  40  percent  of  that 
tiieor^icsl  limit  or  85  percent  of  that  theoretical  limit?  There,  I  think, 
is  where  the  prdklem  is.  We  only  know  from  past  experience  how  close 
we  can  emne  to  that  theoretical  upper  limit.  If  we  base  our  thoughts 
on  techndogy  devel^ied  back  in  tfo  1920’8  and  1980’s,  and  don’t  use 
modem  .tosbnqtogy,  aad  don’t  move  with  the  times,  and  we  build  a 
steam  engine  like  40  years  ago,  toen  there  is  no  way  we  can  ocnnplete 
wi)^  the  I.C.  mgum.  We  h<we  taken  a  fredi,  new  approach  to  this 
thing.  We  have  mrown  away  the  book  and  started  over  from  scratch, 
so  to  speak.  We  i^rate  at  hig^  pressures  and  lug^  temperatures,  and 
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we  have  a  sjstem  that  we  can  go  to  8,000  pounds  of  pressure  if  we 
need  to. 

Hr.  Bbdwit.  We  have  been  told  by  others  who  are  woihing  in  this 
field  there  are, certain  problems  with  materials  that  occur  at  the  higher 
pressares  and  temperatures  t 

Mi.  CAiTta,  Jk.  Ton  see,  we  o|«rate  at  relatively  low  tempentu^ 
1,000°  requiring  no  special  materials,  while  the  Sterling  engine  is  going 
to  be  opei^ing  at  nearly  1,500°,  and  the  gas  turbine,  to  girt  its  effioieney, 
is  going  to  operate  at  2,000°.  We  have  potertial  for  going  up  to  1,200° 
in  our  nresent  design  with  no  materiid  changes,  Imt  we  momd  be  able 
to  equal  the  efficiency  of  the  LG.  engine  without  using  temperatures  of 
more  than  1,000°. 

Hr.  Bsowir.  Just  one  additional  question.  With  the  thrust  of  this 
bill  which  would  autiiorize  NASA  to  provide  assistance  in  solving  smne 
of  these  technology  probleins,  do  you  see  this  as  a  role  which  would 
contribute  to  the  nuter  development  of  an  alternative  engine? 

Hr.^  Caktix,  Js.  Tea,  rtr,  I  sure  do.  If  you  ctmsider  what  we  have 
done  in  4  years  on  a  very  choestring  bai^  then  it  stands  to  reason 
that  as  more  money  is  put  into  our  appro^,  then  very  significant 
gains  ean  be  realizM  and  certaiidy  some  money  by  the  Government 
would  be  very  helpful.  We  have  not  had  very  much  encouragement 
fran  anybody,  ana  certainly  we  would  like  to  see  some  help.  1  ^ink 
the  motor  complies  have  kmds  of  tunnel  visicm  when  it  ccunes  to  the 
steam  engine.  They  decided  its  no  good  based  on  technology  of  20 
or  30  years  ago,  aM  that  there  is  no  future  in  it,  and  it  is  very  sad. 
It  is  very  sad  mdeed. 

Hr.  Bboww.  Do  your  plans  <»11  for  going  into  competition  with  the 
Big  Three  in  the  future  ? 

Mr.  Cabtqi,  Jr.  What  we  would  like  to  do,  of  course,  is  to  sell  our 
patent  and  development  work  to  some  major  motor  ciHnpany.  That 
IS,  the  place  where  automobiles  will  be  produced  for  the  next  50  years. 
We  are  presently  working  on  a  secona  system  in  the  event  we  can’t 
interest  the  motor  companies  with  the  first  one.  We  feel  it  will  be 
unquestionably  superior  to  (he  I.C.  engine  and  it  will  blow  the  lid 
off  of  this  thing. 

Hr.  Bboww.  Mr.  Winn,  did  you  have  any  questions? 

Hr.  WiwN.  Thank  you. 

I  was  wondering  about  the  money  involved,  to  set  aside  $30  million 
for  5  years,  do  you  think  that  is  enon^  to  fimd  a  research  program 
like  you  have  in  mind  or  for  the  entire  research  to  ^  done,  is  it  too 
murti  to  do? 

Hr.  Carter,  Jr.  Well,  our  efforia  don’t  require  a  lot  of  money.  Some 
other  organize  tions^  because  they  are  lai^r  and  probably  they  are  not 
as  rticient,  do  require  more  money.  It  is  hard  for  me  to  say  exactly; 
$30  millicHi  does  seem  like  a  small  amount  considering  the  impact 
and  the  importance  of  what  we  are  working  on.  The  sooner  we  do  some¬ 
thing  about  it,  the  better  off  we  are  aU  going  to  be. 

3fr.  Wi^.  1  don’t  know  how  many  company  such  as  yours  are  work¬ 
ing  on  this.  We  see  feature  stories,  some  are  publicizing  their  findmgs, 
some  are  still  working  behind  the  scenes  and  Beeping  their  patents  and 
ideas  very  secret.  Tim  question  comes  up,  I  think,  do  we  need  still 
another  agency  in  this  field  whmi  we  have  got  fra^onation  already 
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in  the  effrart  try  the  Depaitment  of  the  Army,  and  EPA,  and  the  De¬ 
partment  of  Transportaticm  and  still  others? 

Caasm,  Js.  Well,  grated  there  are  several  agencies  that  are 
doing  woi^  but  their  scope  is  very  narrow.  They  have  taken  one  ap- 
proaim  and  I  think  some  of  them  are  very  wrong.  I  don’t  fed  like 
they  are  going  to  make  it  with  their  epproMh.  I^e  more  agencies 
that  you  ean  nave,  the  better  chance  you  will  have  of  not  running 
down  a  blind  alley. 

T  1*1 _ _ _ _ J—  V  a1_  _ i  _  _  a  _  ^  _  A  ?_  _  m  •a  _ 


woma  ne  lust  as  hdpful  and  provide  tbe  same  incentives  as  ounpeti- 
tion  in  industry. 

Mr.  Wink.  I  don’t  think  there  is  any  doubt  that  competition  is 

rl,  and  niost  of  ns  on  this  committee  f^  competition  is  healthy.  At 
same  time,  the  energy  crisis  was  simply  a  good  example  of  where 
we  had  so  man^  agencies  and  committees,  17  out  of  our  28  committees 
wme  involved^  in  some  parts  of  trying  to  solve  the  energy  crisis.  It 
seems  to  me  like  we  are  going  off  in  aU  directions.  I  wonder  if  we 
m^t  be  doing  the  sanm  thing ! 

Mr.  CasraB,  Jr.  I  agree  Qvat  theoretically  it  does  sound  good  to 
have  aU  these  agencies  brou^t  together  under  one  heading, 
maybe  it  will  work.  But  when  you  have  only  one  central  group,  the 
s^u^  is  only  going  to  be  as  good  as  the  people  that  are  put  in  charge. 
And  if  these  people  are  more  interested  m  tneir  own  political  gains, 
^ir  own  agend^  or  building  up  their  own  bureaucracy,  or  what  not, 
it  stands  to  be  a  disaster  that  we  cannot  afford.  There  needs  to  be  scune 


oHnpeti- 


Mr.  Wi^.  You  may  have  covered  this,  do  you  have  any  other  cars 
or  do  you  just  have  the  oae  prototype  ? 

Mr.  Carter,  Jr.  Well,  unfortunately,  we  could  just  afford  one  pro- 
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two  s^rstems  and  have  another  syttem  that  will  be  on  the  test  stand  all 
the  tune.  In  the  past  whenever  we  had  a  problem  and  wanted  to  do 
some  work,  our  whole  system  was  shut  down.  And  it  hurt  us,  but,  of 
course,  we  had  no  other  dunce.  We  asked  for  help,  but,  we  are  not  a 
very  large  compaiw  and  a  lot  of  people  say,  “what  makes  you  thinlr 
you  can  do  it  when  large  companies  can’t  do  it.” 

Mr.  Winn.  Wlmtisyouransirar? 

Mr.  Carter,  Jr.  What  is  my  answer? 

Mr.  Winn.  If  peo{>le  adc  you  that,  what  is  your  answer  I 

Mr.  Carter,  Jb.  It  is  really  hard  to  dispute.  About  all  we  can  say  is ; 
we  have  t^en  a  different  i^proach,  just  look  at  what  we  got.  Unfor- 
tun^ly,  it  to<*  os  ahnoet  a  year  of  concentrated  effort  before  we 
could  get  IiPA  to  test  our  car.  it  is  doubtful  as  to  whether  they  would 
have  ever  tested  our  car  if  it  hadn’t  been  for  the  help  of  some  of  our 
Ckmgressmen.  That  has  been  the  situation. 

Mr.  Winn.  It  may  be  they  have  their  heads  in  the  sand  and  won’t 
take  It  out. 

^f*!?*’,^**  *^*y  have  their  own  program  and,  I  understand, 
tl^probaibly  have  a  lot  of  people  coming  to  them  who  say  they  have 
a  8uuti«m  and  so  after  a  while  they  don’t  pay  attention  to  anyone. 


.  Wnnr.  Whtt  joa  gentlemai  ha,re 
to  thoae  of  us  who  an  ttying  to  aeeempl^  so 
aad  if  we  an  dkwng  our  eyes  or  igncwing  the  poesi^ties,  many 
peopfe  have  said  that  it  may  well  be  a  small  mechanic  somewluKe 
wontbig  out  oi  a  wn*ll  gange  or  in  the  ba^  of  a  plant  or  something 
thi^  would  oome  tqp  with  the  final  answer  to  this. 

Mr.  CAsraa,  Ju.  Then  an  a  kt  of  small  eompaniee  across  the  coon* 
try  that  an  working  <m  wimiliM-  projects.  I  thiu  thqr  probably  have 
had  the  same  native  rsiiMnse  that  we  have  had. 

Hr.  CamH,  nL  As  you  prdbably  know,  then  an  a  lot  of  very  smart 
people  in  these  big  eompanks.  In  fact^then  an  smart  people  all  over 
the  world.  Even  uiou|h  you  have  a  big  company,  ^n  an  probably 
only  one  mrtwo  men  in  that  big  company  that  an  culing  the  shots.  This 
is  where  the  trouble  comes  in.  A  lot  of  their  engineers  know  the  boss 
is  makiTig  a  misti^a  They  an  not  in  a  position  to  caU  the  shots.  Just 
because  it  is  a  big  company  doesn’t  mean  ^ey  an  go^  to  be  the  one 
with  the  answer.  I  have  been  in  competition  with  big  companies  aU 
my  life  and  big  companies  dcm’t  scan  me  as  far  as  competition.  Their 
money  scares  me.  ^  . 

Mr.  Caktek,  Jb.  The^  do  have  the  technical  potential,  but  it  is  diffi¬ 
cult  for  them  to  utilize  it  to  the  fullest  extent. 

Mt.Wdw.  Thank  von  very  mudi. 

Ifr.HAKinix.  I’diihe  toi^aqnestMmofMr.  Carter. 

The  pnvions  witness,  Hr.  Williams,  stud  that  he  felt  that  the  major 
effort  would  be  concentrate  on  the  antomotive  gas  turbine  engine. 
He  said  the  evidence  that  this  is  the  automotive  powerplimt  of  ^e 
futun  is  very  strong.  I  gather  that  yon  wouldn’t  agree  entirely  witii 
that. 

Hr.  Cabtsb,  Jk.  No,  I  wouldn’t 

Mr.  Hakxiix.  One  of  the  assertions  tiiat  he  made  was  that  almost 
every  government  study  of  alternative  poweiplants  in  recwt  years 
has  ctmcluded  that  the  gas  turbine  is  the  leading  candidate  to  replace 
the  piston  «igine,  is  that  true  in  your  i^nnion  ? 

Mr.  Oakteb,  Jk.  That  may  be  sinoe  nuu^  government  studies  have 
been  based  on  steani  tedmolMy  developed  in  the  1920’s  and  l9S0’s.  I 
would  also  like  to  point  out  that  there  nave  been  government  appro¬ 
priations  botii  in  C«lifmtiia  and  by  the  FedSral  Government  to  build 
a  steam  engine,  but  so  many  times  ^y  put  sudi  timetable  restric¬ 
tions  on  tm  project  that  in  order  to  meet  that  time  sdiedule,  com- 
panks  do  no  have  the  time  to  ^ote,  to  developing  a  new  system.  They 
have  to  go  with  something  that  is  pretty  much  alrea<^  establishea. 
We  try  to  get  something  done  as  f^  as  we  can,  but  in  the  interest 
of  cmning  %  with  someihing  new  or  wotldng  out  a  better  solution, 
we  don’t  uve  a  time  sdiednle  as  suck  We  can  take  the  time  and  get 
the  job  dime  right  snd  then  move  on. 

Mr.  CAirrER,  Sr.  I  have  been  in  the  stoam  bntiness  for  30  some  years, 
and  I  have  built  seVertd  steam  engines,  and  I  recognized,  10  or  15 
years  ago  that  what  we  peeded  was  a  new  approach  to  this  steam 
engine.  And  one  thing  that  itas  nesded  was  a  steam  admisdon  valve 
that  woedd  let  an  '^^gme  tUn  at  higher  ipmh.  tpm’s  is  scunething 

modern.  Higher  rpm’s  is  somethhig  tiiat  didn%  exist  m  a  Eteam  engine 
30  and  ^  years  ago.  If  yon  are  g^j^  to  etm^te  with  a  Ughtwe^t 
intonudHxnnbustioii  engine,  yon  are  going  to  need  high  rjnn’e.  Tnat 
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is  Oie  first  raqnireinent.  Also  if  jou  sze  going  to  be  UMdem,  you  need 
to  opwsite  at  nigh  preesore.  That  means  you  will  'have  to  have  a  de¬ 
sign  that  will  operate  at  hijH^  pteesiue.  At  the  very  beginning,  we 
realised  this.  The  first  2  years,  we  were  doing  exploratory  w(»fc.  We 
were  trying  to  find  that  suutio^  and  we  knew  we  had  to  have  it  bef <«e 
we  could  sprad  much  money.  TniU;  is  what  we  were  doing  the  first  2 
years,  devmoping  the  steam  valve.  After  that  we  were 

tea^  to  start  spending  money  on  buildmg  a  steam  car. 

Mr.  Haiociii*  E^lier  witnesses^  though  have  mentumed  the 
theoretical  limits  of  steam.  I  would  like  to  ezid<«e  that  further  with 
you.  Mr.  Brown  already  brought  it  up.  Your  reqwn^  as  I  recall  it, 
was  along  the  lines  that  whUe  there  are  theoretical  limits,  by  the  use 
of  advanced  technology,  and  so  forth,  you  can  achieve  more  within 
theselimits. 


Mr.  Cabies,  Sb.  Yes,  sir. 

Mr.  Hammiix.  If  there  are,  in  &et,  the(»etical  limits,  however,  then 
the  beet  possible  steam  engine  can  only  achieve  a  certain  level  of 
performance.  Now^  how  would  that  lem  of  performance  cmnpare 
with  other  alternatives  such  as  the  gas  turbine! 

Mr.  Casixb,  Jb.  1  would  like  to  answer  that.  Those  theoretical  limits 
were  probably  based  on  1,000  degrees.  That  was  the  ni^>er  limit 
that  ^vious  technolo^  would  allow  a  reciprocating  steam  en^e  to 
run.  We  are  now  capaKb  of  operating  our  engines  from  1,200  Agrees 
to  1^00  degrees.  Strictly  from  a  layman’s  standpoint,  if  the  steam 
wasn’t  more  than  just  theoretically  efficioit,  it  wouldn’t  be  used  to 
power  our  huge  mwerplants  for  producing  electricity.  The  theoreti¬ 
cal  efficiency  can  m  ve^  hi^  if  you  go  to  the  higher  temperatures 
and  pressures.  Our  design  enables  us  fo  go  to  these  higher  tempera¬ 
tures  and  pressures.  One  other  point,  the  internal  combustimi  engine 
is  most  tilkient  at  full  throttle.  If  you  compare  the  best  efficiency  of 
the  steam  en^e  with  the  best  efwienty  of  the  internal-cmnbostiai 
mgine,  they  are  pretty  close  to  one  anoUier  but  the  internal-combus- 
ti<xi  engine  under  moirt  driving  mtuations  operates  at  part  throtde, 
maybe  one-fourth  of  full  thitktle.  Here  the  internal-ccnnbustion  en^e 
effimwty  idarts  dropping  off  dra^cally,  so  that  normsdly  its  operating 
conditioa  is  not  at  its  {wak  efficiency,  tmt  something  significantly  less 
that  that.  The  steam  engine,  on  the  o^r  'hand,  can  be  reigned  where 
it  operates  under  cruise  conmtionsat  its  peak  efficiency. 

Peak  efficiency  of  both  ^ystmns  would  be  very  close  to  one  another, 
but  the  fact  that  the  steam  qrstmn  can  ofwrate  in  an  automobile  at 
peak  efficimuy,  while  the  internal-cranbustion  engine  operates  at  less 
than  its  peak  efficiency,  gives  ns  a  very  significant  advantage  just  on 


are  presently  using.  We  are  going  to  beat  'the  internal-omnbustka 
ennne.  There  is  no  queeti<«  i^ut  it,  just  based  on  our  test  results 
and  I  know  the  engineers  at  £PA  ue  also  aware  of  our  test  results 
and  the  very  ea^  areas  for  improvementa  Our  next  car  will  unques- 
thmsMy  prove  that  point. 

Mr.  HAMitwj.  In  that  regan^  have  you  discussed  with  the  research 
elcsnepts  within  the  antmnotive  industry,  the  Big  Three,  let’s  say,  what 
yon  have  donet  Mave  yon  discu»ed  your  patent  situation  with  them! 

Mx.  Cabtbb,  Jb.  We  have  sent  th^  a  letter  since  our  teat  results. 
We  felt  Hke  it  was  meaningless  to  do  anything  before  we  had  soaie 
good  third  party  teat  results.  We  gpot  a  ccmfirmation  fooon  f^ord  Motor 
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Ca  that  they  bed  received  oar  letter,  and  that  they  vrere 
lookiDg  ii^  tte  matter.  That  b  all  we  have  received  ao  far,  ara  I  am 
afraid  ia  aU  we  will  aee.  What  I  think  may  bippen  bosM  <m  peat 
hiatory.  ia  that  acne  aggreaaive,  prognaaive  foreign  ear  mannfaoi^r 
win  taae  wlutt  we  floTaad  atart  prwacing  axul  oruging  ateam  cars 
into  the  Statea  ana  force  Detroit  by  aheer  eoonmnica  to  gat  aerioaa. 
Thia  ia  what  hapmned  to  the  Wanjcel  enarine  and  I  wo^  hate  to 


Mr.  C&Km,  Sh.  I  am  not  afraid.  I  hope  that  ia  what  happoia. 

Mr.  CAsmt,  Ja.  I  would  like  to  aee  the  American  companiee  do  it 
firat  1  would  jaat  beeanae  I  like  the  United  Scatea  and  what  it  atanda 
for,  but  aaaybe  that  ia  the  kind  of  praaaureDe^tneedB. 

Mr.  Haiociix.  By  the  way.  the  in  the  autmnotive  indnatiy 

ia  Detroit  aren’t  convinced  that  the  Wankel  «igine  is  here  to  stay. 

Mr.  Cabtek,  Jb.  No:  they  are  not.  They  spent  $60  million  for  the 
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tuw  iracuon  or  tnat  on  wnat  we  nave  done  ana  come  out  mucn  oener. 

Hr.  Gabxsb,  Sn.  That  proves  the  aotmnobiie  ccm^Muuee  are  not  too 
smart  or  better.  There  were  peofde  10  years  ago  that  told  them  that 
this  ena^  ia  not  eftdent. 

Mr.  HAiamx.  They  still  feel  it  ia  not  effidmt  f 

Mr.  Casieb,  Jb.  Yes,  but  they  spent  a  little  money  to  find  out. 

Mr.  Bbown.  Are  there  any  further  questions  ? 

Mr.  Wnnr.  I  have  no  further  questions. 

Mr.  Bbown.  Thank  you  v^  much,  gentlemen.  I  asBuie  yon  that 
you  have  provided  the  committee  with  a  moat  interesting  example  of 
what  Aiamcan  ii^enuiiy  can  accomplish  uid  we  are  v«ry  ^eam  to 
have  you  hMe  thia  morning. 

Our  next  witneaa  ia  Mr.  Bobeit  U.  Ayrea,  Viee-Preeident  of  Inter¬ 
national  Beaearch  and  Technology  Corp.  We  are  very  pleased  to  have 
you  here  thia  morning,  Mr.  Ayrea,  and  we  look  n^ard  to  your 
teatimony. 

Mr.  Atbbs.  Thank  you  very  much.  With  your  permiasioai,  I  will 
read  the  atatement  and  add  sraae  intorpcdations  at  points  baaed  on 
ideas  that  occurred  to  me  since  I  read  acane  the  othw  testimony  and 
ako  I  may,  with  your  fuithw  petsnbtion,  add  a  few  cnninents  at  the 
end. 

Mr.  BmcrnTX.  You  have  heard  the  teatimtmy  of  the  two  earlimr  wit- 
neaaea  and  anything  you  care  to  say  baaed  up<m  that  will  be  welcome, 
also,  of  oonrae. 

[A  biographical  Aetoh  of  Dr.  Ayres  follows:] 

Bom  U.  A,tu» 

PhJ).,  Uatrenttr  oC  London,  Tice  President,  International  Beaeardi  and 
Tednndoar  Goiporatton.  I>r.  Ayrea  la  a  plonaor  In  tbe  nvMly  groemux  Held  of 
teduMdogleal  fonoaatlnc  and  tedmoiogy  asaeasmcnt,  and  an  anthozily  on  en¬ 
vironmental  poUmton  and  tranmortatlon  tedmology.  In  1982,  Dr.  Ayrea  Joined 
the  reaearch  staff  of  the  Bndson  Institute  where  he  remained  for  live  yean 
before  movtaig  to  WaAlngton,  D.O.  in  196T  to  become  a  visiting  sdidar  at 
Beaoaeea  Vor  foe  Pntue,  Inc.  He  is  tbe  antticr  or  oo>aiith(N  of  sevnal  books : 
TeiOautofUM  PorsossNny  end  Losf  Bangs  ■PlawMng,  Aopoott  of  Bnoironmantsl 
BoononUoi:  A  MotmioU  ffolsnoe-dfeiMrsI  ffgnoarism  Aparsonh,  with  Allan  T. 
Kneeae  and  Ba:^  C.  d’Arge,  and  AUomamoo  to  tko  /ntemal  OomhmtUen  A*- 
glfia,  with  Blduud  McKenna.  He  has  Mao  pnblBbad  nnmerons  artidea  and 
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Mpm  oa  toBkB  to  tbeontinl  pb^atci  and  aeoaomlca  m  wdl  aa  tcchiudogiaa 
vcbaa  tnuapontatt^  «BTlrottiiMatal  p<dliia<H>,  energy  end  other 
M^aekn  dyiee  fee*  hoen  e  eearaltaat  to  toe  Netlonel  Acedeny  of  tSdeaeee 
OenuittiM  en  BtoMtoBcy  V9eniB&  the  (NB6e  ot  ItonuNnent  end  Bodgeh  toe 
OlODk  )Wd  to  canegtly  e.  eowenltont  to  toe  Unttnd  Netlona  Stettotlcel  Otooe  im 
edrtopnmedtgl  etottotton  Be  hee  eerred  ee  e  nenib«  toe  Netlonel  Acedemy  of 
^feteneeii  Onatoiiteee  on  Ihduielogy  and  WMer,  toe  Nettoael  Heteriele  Adrliiory 
MMit  ftoatoiittee  en  IMadeal  Aapeete  ot  (Mttoal  and  Btoategle  IfaterleU,  end 
tonlUtfnmy  Beaenreh  Beard  Bobcmanlttee  on  New  Trantoortatioa  end  Tech¬ 
nology.  He  to  e  feilov  end  memher  ot  toe  Coaadl  ot  toe  Amerlean  Aiaoeietioii 
for  toi9  AdTaaoemeid  of  Sdotee  (AAA8)  Cunmltteoaen-et-large,  BectiM  on 
Indaetnal  Bctoaoe. 

eTAinmR  wibol  mbst  v.  atsis,  yiob  mniiEiT, 
nrasnAtEoxAL  tmtkwtm  a  tbcbiolo&t  oobp. 

Dr.  Atsbs.  My  iHUne  is  Robert  Ayres.  I  am  vice  president  of  Inter- 
oatkmal  Research  A  TeduMdogr  Gorp.  of  Arlington,  Va.  Over  the 
PM*  7  years  I  have  ctmdtKited  three  major  and  several  minor  studies 
of  automotive  prt^uMon  teleology.  I  think  I  otmducted  (me  of  the 
Government  studim  that  was  mentitmed.  Tlte  first  of  these  large  studies 
led  to  the  paUieati<m  of  a  book,  ohtitled  ‘^Aitemativee  to  the  Internal 
Gombostiim  Ensine,**  published  by  Johns  Hcmkiim  University  Press  in 
1972.  The  second,  under  the  auspicies  of  the  U.S.  Department  of  Trans¬ 
portation  is  available  throun^  toe  NTIS,  and  the  executive  summary 
has  been  published  and  is  attached  herewith. 

It  is  my  understanding  that,  in  toe  ecmtext  of  examining  the  pro’s 
and  ctm’s  of  the  qiecific  bill  ixmer  ccmsideratiim,  H.R.  lOSra,  the  com¬ 
mittee  wishes  to  review  the  present  status  of  alternative  vehicular 
powwplsntia  I  will  address  tlm  issue  ^>ecifically,  inasmuch  as  I  have 
no  stomig  c^nnions  with  reenect  to  which  agen<^  of  the  Federal  Gov- 
emm«it  should  undertake  the  necessary  B.  A  D.  (m  autcnnotive  power- 
^anta  I  would  add  a  pareiftoeticsl  comment  that  I  think  it  is  de- 
siraUe  to  oetdinue  the  advanced  automotive  power  systems  (AAPS) 
pfUgramol  EPA.  'Kie  question  then  dses  arise  in  my  mind,  and  prob¬ 
ably  yimrs,  as  to  whether  the  Congress  and/or  the  executive  branch  is 
likely  to  ^  on  f or  loi^  sHowuig  two  or  three  agenciee  to  do  sub- 
stanaally  oveiliqiping  kmds  of  research.  That  is  a  questiim  <m  which, 
however,  I  have  no  res^urion  to  offer.  However,  I  do,  most  emphati- 
oally,  briieve  tome  is  an  overrkhii^  puUic  intmest  in  this  matter  and 
that  the  automotive  industry — as  presently  constituted  in  the  United 
StatBB»h&8  Mttle  incentive,  or  vrill,  to  (ievelt^  a  major  technological 
aRnmtive  to  toe  intersal  oomhUstiim  engine. 

Let  me  add,  here,  that  I  believe  it  is  premature  to  judge  whether 
aOT  alternative  omibtutkm  engines  can  be  devel(^>ed  fast  enough  to 
offer  clear  advantages  over  the  ICE — which,  after  several  decade  of 
status  ^o,  has  recently  resumed  a  state  of  rapid  evolution.  The  best 
authontieB  I  know  outside  of  Detroit  believe  that  by  the  mid-1980’s 
an  sdvaiiioed  form  (^  stratified  charge  ICE  will  ac^ve  at  least  80 
percent  bettor  fuel  economy  than  present-day  engines,  while  simul- 
toneo^y  meetihg  tin  most  stiingent  emisacm  standards.  ITus  is  a 
hard  Im!  any  ateerhative  to  shoot  at  Howevu*,  It  should  not  be 
forgotten  tiiat->the  reoMit  bunt  of  teohnologioal  activity  in  tiiis  field 


It  would  not  hnv*  ooeorrad  in  n  ^^ooinMo  m  nBual”  enrirMunent. 
Monovor,  the  relntivdy  (^ytimiatie  ibrecaat  I  have  just  eked  is  not  s 
g[iuuru]teed  oikcome.  In  not,  withoat  s  omtiniung  threat  oi  ctnnpe- 
tition  from  altemkiTe  poweridantB  developed  under  Federal  progranw 
suoh  as  AAPS  (EPA)  or  tiie  <nie  pn^KMM  in  this  bill,  I  doubt  very 
mudi  whether  the  present  momentum  emuld  be  sustained. 

Wlmt  of  the  l(n^[w  term  futuret  Automobiks  and  trucks — as  now 
developed — ^require  limid  hydrocarbon  fuels  derived  from  petroleum. 
We  are,  un^pnstionablv,  fadnn  a  major  petroleum  orunm  in  the 
United  States  during  tm  next  few  deesMtee.  There  are  not  any  eaqr 
aoBwen.  The  costs  and  strategic  disadvantages  of  becoming  still  more 
dependent  on  the  Middle  East  than  we  are  now,  are  obvious  and  need 
no  repetition.  Sjmthetic  crude  oil — '^‘^ncrude*’— -derived  from  coal  or 
diale  can  and  ^1  unque8ti<Hiably  be  developed  to  some  extmtt,  but 
tee  potential  rate  of  production  from  shale,  at  least,  is  extremely 
limitM  hy  the  aridity  of  the  region  and  the  ne^  for  water  to  comp^ 
the  wdnminous  wartes.  In  situ;  that  is,  underground  productum 
methods  that  might  get  around  this  difficulty  are  undeveloped  as  yet 

Western  U.S.  coal  d^ioeits,  too,  while  ample  in  quantity  cannot 
fully  replace  petroleum  as  a  basic  source  of  liquid  hydrocari^  fuels. 
Economic  mining  involveB  colossal  mirface  stripping  iterations  that 
will  have  adve^  .f  Long-term  ecological  impacte  over  intense  knd 
areas.  Largequantities  of  water— scarce  in  the  Colorado  River  Bamn — 
would  be  needed  for  land  restoration  operations  following  known  pro¬ 
cedures.  Moreover,  water  is  i^uired  m  large  quantities  as  a  source 
of  the  hydrogen,  needed  to  “liquefy”  the  coiu  by  hydrogenation. 
water  w^d  nave  to  be  diverted  fnm  existing  recreational,  industrial, 
or  agricultural  activities,  not  to  mention  international  commitments 
to  hfexioo. 

I  dem’t  have  to  dwell  on  the  likely  importance  of  future  food  pro- 
dnctiimj  or  its  dependence  on  water.  In  summary,  the  productiem  of 
synthetic  liquid  hydrocarbon  fuels  requires  a  practical  conjunctiim  of 
laige  sumlies  of  fresh  watm*  along  with  the  necessary  coal  or  shaK 
In  the  Ui^ed  States  this  is  a  dmeuU;  condition  to  meet.  For  this 
leascHi  liquid  s^^hetic  hydrocarlxm  production  is  likely  to  be  limited 
in  quantity  and  fairly  eiqiensive.  My  personal  feeling  is  that  much  of 
this  supply  will  be  neraed  eventually  as  a  feedstock  for  p^rochemicals, 
several  decades  in  the  future,  as  the  existing  dmnestic  reserves  of 
crude  oil  and  natural  gas  begin  to  dry  up. 

For  vaiious  reasmis,  as  it  happens,  tliere  is  increatdng  worldwide 
interest  in  the  long-term  development  of  a  “hydrogen  econesny”  m 
^tiiich  hydrogen  is  produced  from  water— at  ^aces  where_  water  is 
plentiful— by  an  electrolytic  or  thermochemical — or  hybrid  of  the 
two — process  utilizing  either  nuclear  electricity  or  nuclear  reactor  heat. 
Wh«i  fiasion  reactors  are  evmitnal]^  replaced  by  fusion  reactme  burn¬ 
ing  deuterium-^ieavy  hydrogen — from  the  oceans,  it  cui  be  seen  that 
i^thetic  hydrogen  or  synteetic  methane  is  an  attractive  meteod^  of 
(fiatributii^  the  resulting  energy.  In  tect,  tin  cost  of  distributing 
hydit^g^  18  on  the  ordnr  of  one-ei^th  of  the  cost  of  distribute 
ei^ricity  to  deliver  the  same  amount  of  energy.  Obviously,  the  ex^ 
e  network:  of  gas  pipelines  would  be  issd,  and  the  large  existe 
veetmeait  in  gae-fuelea  applianoes  would  not  beomne  obmete. 
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The  alternative  long-term  etdntion  appears  to  be  to  scrap  the  ecdsting 
gas-dktribntion  siystm  and  to  <dectrify  every  aspect  of  our  economy, 
mdudii^  tran^rtation.  Many  people  aamime  we  have  already  made 
thu  choice  in  effect,  and  that  the  electric  car  is  a  lonff-term  answer  to 
our  traaqmrtation  needs.  I  do  not,  howevm*,  bdieve  t^  we  are  irrev- 
ocally  committed  to  this  path  as  yet 

With  regard  to  autoo^iles  and  automotive  tran^rtation,  there¬ 
fore,  the  future  choice  in  the  year  2000  or  beyond,  seems  to  be  between 
gas  and  electricity,  with  liquid  hydrocarbon  fuels  likely  to  be  nda- 
tively  scarce.  The  {ooblems  aasocmted  with  developing  and  imple¬ 
menting  a  practical  and  econmnical  ‘‘electric  car^’  have  wen  discussed 
elsew^re  at  length.  My  own  conclusion  is  that,  while  it  is  probably 
technically  fdmtble,  a  fully  electrified  automobile-based  traniq)orta- 
tion  systmn  in  the  present  pattern  is  not  a  practical  possibility.  The 
mobile  electrical  storage  mtems  that  would  be  reqmred  to  provide 
rummable  range  and  pertormance  for  vehicles  are  likely  to  be  in- 
trinsically  too  expensive  and/ac  short  lived.  The  electricu  distribu¬ 
tion  and  “recharge”  systenu  would  also  be  enormously  expenrive. 
Probleins  associated  with  maintenance  and  repair  of  electrical  vehicles 
are  also  immense,  in  that  it  would  be  necessary  to  scrap  the  existing 
serviw  netwisrk  and  create  a  completely  new  one.  It  is  not  an  exag¬ 
geration  to  say  that  the  present  mdustrial  econmny  would  be  dras¬ 
tically  (dumged  and  restructured  throu^out.  The  pathway  from 
“here”  to  “there”  seems  fraimht  with  obstacles. 

On  the  other  hand,  consiaer  the  use  of  synthetic  gas— eay^  hydro¬ 
gen— ^as  an  automotive  fuel.  It  would  be  burned  in  an  engme,  like 
gasoline  or  other  liquid  fuels  by  relatively  minor  engine  am  carbu¬ 
retor  redesign.  It  is  not  hard  to  envision  a  car  designea  to  store  enough 
hydrogen  for  amodes  “in  city”  range — say  30  miles,  which  would 
suffice  for  80  ot  90  percent  of  all  autmiobile  trips  today,  and  perhaps 
75  percent  of  car  mueage  in  the  cities.  Hopefully  the  hydrogen  storage 
system — ^probably  a  metallic  hydride  suspension — could  be  easily  “re- 
cnaiged”  ^  night  by  tapping  tne  local  gas  distribution  network,  with¬ 
out  requiring  iqi^al  home  compresscus  or  other  elaborate  devices.  For 
Icmger  trips  outside  the  city  the  driver  would  fill  up  an  auxiliary  tank 
with  liqmd  fuel  frtnn  a  conventional  service  station.  This  would,  of 
course,  be  more  expensive. 

It  is  worth  noting  that  hydrogen  is  the  “cleanest”  of  all  fuels  and 
the  above  scheme  insures  that  most  city  driving  would  be  done  using 
this  fuel.  Most  important,  the  path  frmn  “here”  to  “there”  is  relatively 
straightforward.  Any  engine  capable  of  burning  either  a  liquid  or  gas¬ 
eous  fuel,  at  will,  is  acceptable  in  principle.  The  stratified  charge  ICE 
is  not  excluded,  nor  are  the  Bankme  cycle,  the  Stirling  cyde,  or  Bray- 
ton  (^cle  alternatives  that  are  now  under  development.  As  between 
the  latter,  I  believe  that  none  can  be  ruled  out  on  present  evidence  as 
clearly  inferior,  nor  can  any  be  picked  as  “best,”  even  for  a  specified 
application,  notwithstanding  the  comments  that  have  been  n^e  by 
previous  witnesses,  both  to&y  and  on  previous  daya  It  is  of  some 
interest  tiiat,  althou^  a  nun^r  of  witnesses  have  been  williog  to 
si^  a  dear  <ader  of  prefmence  of  the  alternatives,  they  have  stded 
different  orders  of  preference.  I  think  one  must  conclude  that  we 
dcm’t,  in  fact,  have  all  the  necessary  informaticm  to  make  a  choice  at 
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this  tune  that  would  be  sooeptoble  to  sU  the  espeite.  This  is  precisely 
the  major  ta^  fnr  B.  A  D.,  to  unctortake  in  the  next  decade. 

I  would  like  to  add  <me  further  point;  namely,  that  the  most  prom¬ 
ising  means  of  achieving  the  deeirra  o^eddve  of  the  bill,  that  is,  fuel 
economy,  is  to  reduce  the  weight  of  the  car  substitute  later  ma- 
teriak  and  alternative  desim.  Abimmnm,  magnAidimi,  titanium,  and 
p|e^<^  be  used  for  various  (Munponents  in  an  autom^ile. 

The  amounts  of  such  materiab  that  are  bee  constantly  rise 
as  tinM  goes  <xi.  And  no  doubt  under  the  hm  of  enet^  Portages,  it 
will  rise  more  rapidly.  Newer  and  li|^ter  materials  and  <ke^  could 
be  faster  still  if  R.  A  D.  were  undeitaken  and  if  the  auto¬ 

mobile  industry  were  prodded  in  this  direction  by  the  Federal  Govern¬ 
ment. 

It  is  true,  of  course,  that  sinne  of  these  materials  require  much  larger 
investment  of  energy  at  the  point  of  manufacture  than  equivalent 
a^unts  of  carbon  steel.  Aluminum,  for  example,  requires  several 
times  as  much,  perhaps  10  times  as  much  energy  at  the  point  of  manu- 
f  acturo  thim  a  piece  of  steel  that  will  do  a  similar  job.  StUl,  the  savings 
in  weight  is  such  that,  over  the  lifetime  of  an  automobile  in  normal 
use,  there  will  be  a  savings  amounting  to  5-10  timwa  as  much  as  the 
extra  energy  that  you  use  at  the  point  of  manufacture.  Thus,  I  would 
say  that  more  attention  ^ould  be  devoted  to  savings  that  are  available 
by  this  strategy  in  addition  to  what  can  be  done  by  modifying  the 
prranlsion  system. 

That  completes  my  prepared  testimony. 

I  would  like  to  add  one  or  two  comments  on  things  that  have  been 
said  today. 

First  of  all,  I  think  I  am  aware  of  all  the  Government  studies,  but 
I  would  not  agree  that  ‘Hhey  all  agree”  that  the  gas  turbine  is  the 
optimum  solution. 

It  is  true  that  the  automobile  industry  itself  has  said  that  consiSt- 
entfy  for  years.  Some  Government  and  National  Academy  of  Sciences 
studies  reflect  the  automobile  industry  view.  But  the  very  fact  that 
EPA  has  spent  somewhat  more  of  its  money  to  date  developing  the 
Rankine  cycle  in  the  advanced  automotive  power  system  ^vision,  than 
on  gas  turbines,  is  an  indication  that  unanimous  agreement  does  not 
yet  exist  as  to  the  optimum  solution. 

Second,  on  the  question  of  theoretical  limits  that  has  been  raised 
a  number  of  times  with  respect  to  the  Rankine  cycle,  I  think  Mr.  Car¬ 
ter  gave  two  reasons  why  the  criterion  of  theoretical  thermodynamic 
efficiency  limits  alone  doesn’t  settle  the  question. 

I  would  add  a  third  reason.  Apart  from  thermodynamics  there  are 
also  theoretical  mechanical  considerations.  The  question  of  how  closely 
one  can  approach  the  theoretical  thermodynamic  limits  has  to  do  with 
difficulties  of  mechanical  design.  There  are  two  contrasting  situations 
which  may  explain  what  I  am  getting  at  here.  In  a  gas  turbine,  the  net 
output  is  the  mfference  between  two  large  numbers,  that  is,  the  differ¬ 
ent  between  the  work  done  by  the  turbo  expander  minus  the  work  re- 

3uired  to  operate  the  compressor.  Topically,  each  net  horsepower  pro- 
uced  by  a  gas  turbine  re(]|uires  a  S-norsepower  expander  output  and  a 
2-hor8epower  compressor  mput,  or  5-hor8epower  in  all.  Obviously  very 
high  temperatures  and  speec^  and  close  tolerances  are  requir^.  The 
practical  consequences  or  trying  to  put  all  this  in  a  small  package  that 
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CAD  be  fitted  in  an  automobile  and  xneaa  i»odaced,  are  such  that  it  costs 
many  hundreds  of  millions  of  dollars  to  do  the  engineering  develop¬ 
ment  work.  Such  engim^  also  r^uire  very  high  tmnperature  allom 
very  hi^  precision  manufacturing  techmques,  and  so  on.  And  the 
problem  of  testiim  ctnnponents  ana  enj^nes  is  also  veiy  expensive. 

In  the  case  of  uie  Buikine  cycle  engme,yDU  have  ahnost  the  oppo¬ 
site  situation.  The  net  power  output  is,  as  before,  the  difference  betweoa 
the  work  done  by  the  expander  less  than  the  work  done  by  the  com¬ 
pressor.  Bnt  the  compression  work  reouired  in  the  steam  engine  is 
extremity  small,  because  it  is  done  on  a  liquid,  which  is  almost  moom- 
pressrtde.  Thus,  the  actual  work  done  in  compression  is  very  nearly 
aero,  uid  a  net  output  of  1  horsepoiror  requires  only  a  snail  fraction  of 
1  horsepower  to  omrate  the  compresor — which  means  the  expander  it¬ 
self  need  cmly  produce  a  little  more  than  1  horsepower.  It  is  much  earner 
to  develop  mechanical  components  for  on  engine  like  this,  and  both  de- 
velo^Hnent  and  manufacturing  costs  are  likely  to  be  less.  This  is  why 
you  can’t  assume,  as  a  rule  of  mumb,  that  one  can  always  reach  a  given 
fraction  of  theoretical  efficiency  for  a  given  level  of  development  effort 
fw  any  kind  of  an  engine.  It  isn’t  true.  In  foct,  one  can  achieve  a  much 
higher  fraction  of  theoretical  efficiency  in  the  steam  engine  (Ran^ 
cyme)  as  against  the  gas  turbine,  for  a  given  amount  of  B.  A  D.  expendi¬ 
ture.  The  example  of  the  Carters  illustrates  that  an  B.  A  D.  effect  under¬ 
taken  by  a  anall  number  of  people  in  a  very  few  years  was  able  to 
achieve  an  efficiency  level  comparable  to  what  the  ICE  or  the  gas 
turbine  have  achieved  with  much  higher  levels  of  expenditure  over 
several  decades. 

I  am  willing  to  answer  any  question^ou  have. 

Mr.  Bkown.  Thank  you  very  much.  Dr.  Ayres.  I  note  your  published 
paper  attached  to  your  statement;  and  without  objection,  that  will  be 
mcluded  in  the  record,  also. 
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economic  impact  of  mass  production 
of  alternative  iow  emission 
automotive  power  systems 


Mtarl  U.  AyiM  and  Stadman  B.  NoMa 

Intamational  Research  &  Technology  Corporation 
Washington,  D.C. 


IIm  ttiMiy  CQmid*n  o  rang*  of  po«$ibl«  on  the  traniportoKon  industry,  sotet* 

Hto  indmtrios,  tho  lobor  marfcot,  and  1h«  oconomy  which  moy  bo  ontidpotod  in  Ao 
ovont  moM  production  of  uneonvontionol  low  omiision  outomotiv*  prapultion  sys* 
•ocu  dnuld  oeeur,  whothor  os  o  com*<|uonco  of  fodoral  intonrontion,  or  not.  A 
poshflotod  1 976  Otto  Cydo  Intomol  Combustion  Engine  equipped  with  a  duol  coto- 
I.  'nifold  rwcdor  ood  other  '*eonventtonor‘  emission  control  devices  was  com* 
pored  in  dotaii  vith  o  tegenerative  Free  ftHisine  Engine  ond  o  Ronkme  Cyde 
fingine,  os  «pedh»d  by  the  rantracting  ogeney.  Monufoclurmg  costs,  operating 
ond  ownerdiip  cost;*,  demand,  inter-industry  effects,  employment,  re¬ 

source  requirements,  tc»d  mtemoHonal  trade  implications  were  analyzed  In  depth 
under  a  number  of  plausible  sets  of  policy  constroints  ond  porometric  voriotions. 
Frindpol  oandustons  ore  tfiat  oonversion  over  o  10  year  period  is  feasible,  thot 
manufocturing  cost  dHferentiols  ora  less  criHoii  than  fuel  consumption  ond  cost  dif- 
ferenffafs,  that  industry/empioymenr  impocts  or*  minor,  ond  thot  resource/trode 
effects  ore  dominated  by  petroleum  imports.  ImpticoHons  for  federal  policy  ore 
discussed. 


Although  the  Congrese  hats  mandated  a  set  of  emUsiou  stan- 
daixh)  to  be  met  in  the  years  1975-76  (or  1976-77  in  case  the 
Administrator  of  the  Environmental  Protection  A^jeocy  per¬ 
mits  a  one  year  delay  under  the  terms  of  the  l^islation),  it 
cannot  be  taken  for  granted  that  the  automobile  manufac¬ 
turers  will  be  successful  in  developing  the  requisite  emissions 
control  technology  aloog  the  lines  currently  envisaged.  In 
the  event  of  their  failure  to  do  so,  it  is  conceivable  the  Federal 
Govemmoit  would  put  heavy  pteesure  on  the  industry  to  in¬ 
troduce  an  alt^native  "nwipoUuting"  ffwm  of  v^iicular  power 


Pr.  Ayres  is  vice  prestdeot  end  Dr.  NoMe  is  enior  staff 
economist  of  International  Kesearch  and  Technology  Cor- 
poratioo,  1501  WUron  Blvd.,  Arlington,  Va.  22309.  This 
paper  was  presented  as  Paper  No.  7^  1 1  at  the  66th  Annual 
Meeting  of  APCA  at  Chicago  in  June  1973. 
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plant.  The  study  summarised  here  was  undertaken  to  pro¬ 
vide  an  initial  aaseesmeut  of  the  socioeconomic  impact  of  such 
a  ooDVM^on,  whether  brought  about  by  e.\ten)al  federal  pres¬ 
sure  or  as  a  result  of  intra-industry  competitive  forces. 

Sc^e  end  Aasumpdeiia  of  the  fftody 

The  “scenario”  underlying  the  study  involves  a  conversion 
from  the  presently  used  sparic  ignition  Otto-Cycle  (OC) 
engine  or  any  of  several  reduced  enussion  versions  to  oite  of 
two  prespecified  Low  Emissions  .\lternative  (LE.\)  power 
plants.  The  smisaons  controlled  variants  of  the  OC  engine 
considered  in  the  study  were  specified  by  the  Environmental 
Protection  Agency  at  the  beginning  of  the  study  in  July  1971. 
There  have  a  number  of  developments  in  emisions  con¬ 
trol  technology-  which  might  affect  the  conclusions  to  a  modest 
degree,  but,  apart  from  simple  recognition  that  the  Otto  Cycle 
Engine  v  a  “moving  target,”  such  recent  developments  are 
not  included  in  the  terms  of  reference  oi  the  study.  Dy 
directive  from  the  Dei^artment  of  Trunsj)ortation,  the  alterna¬ 
tive  engines  initially  considered  were  (Da  hy|>othetical  re¬ 
generative  free  turbine  (RFl')  .similar,  but  not  identical,  to 
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automotive  gas  turbines  developed  by  Chryaler  Corporation 
and  WiOiama  Reeearrh  CiHiN>ratioa  among  others,  and  (2) 
several  attentate  deogns  of  a  hyiwthetical  Raiiktne 
gine  (RCK)  based  on  design  studies  aitd  comiMMtent  develo|>- 
ment  carried  out  by  Thermo  Electron  (*cr|)oiatioii  (TECO) 
under  contract  to  the  Environmental  Protection  Agency.  A 
list  of  the  ilesigii  variants  considwed  follows.  It  must  be  em¬ 
phasised  that  these  variant  iwwer  plants  were  selected  as 
representatives  of  cbseee  of  et^iee,  but  that  the  speeiUe 
design  configurations  chosen  for  the  study  did  not  result  from 
exteiksive  optimisation  stutlies.  On  the  contrary,  the  choice 
was  primarily  determiited  by  the  availability  of  fairly  <tetaiied 
engineering  level  information,  without  which  the  econmnic 
analysis  could  imt  have  been  uiulertaken. 

Case designatu. iis  useil  throughout  the  re|)ort  are  as  follows: 

OC(l)  OC-70  plus  the  Exhaust  Gas  Recirculator  (EGR) 
<X'(2)  As  above  plus  Dual  Catab'tic  Convertor  aitd  mi^ 
cellaneous  (no  chatige  in  atgine  sise) 

OC(3)  Similar  to  0('(2)  plu.H  400  cubic  inch  engine 
0('(4)  Similar  to  <X'(3)  plus  Exhaust  Mtinifold  Reactor 
(EMR) 

Detailed  descriptions  of  emission  control  devices  may 
be  found  m  the  reirart  (('hapter  2). 

RP!'(1)  Conventioiuil  regenerative  gas  turbiite,  with  suiier- 
alloy  bunter  i^arts  and  ceramic  (alumina)  rotar>* 
regenerator 

RFT(2)  R(i*l'(l)  with  ceramic  bunter  (larts  and  ceramic 
(alumina)  regenmtor 

RFT'(3)  RFTd)  with  sufierailoy  burner  |>aHs,  with  a  stainless 
steel  r^aterator 

RFT(4)  RFT(l)  with  cerantic  burner  itarts,  with  a  stainless 
steel  regenerator 

RCE(t)  Cunveiitioiuil  cyliiKlrical  burner-boiler  design  using 
high  cobalt  su|ieraUoy  (I'-SOO);  proprietary  TECO 
valve  design 

RCE(2)  Revised  burner  using  low  cobalt  su|)eralloy  (Haetelby 
X) 

RC'K(3)  Revised  toroidal  burner-boiler  design,  using  low- 
cobalt  alloy 

R('E(4)  New  valve  by  lUCERIf  replacing  TECO  valve;  no 
transmission 

RrE(3)  C'ombination  of  RCE(3)  and  RCE(4) 

It  i.s  extremely  im()ortant  (o  reiterate  that  there  e.xist  a 
number  of  plausible  alternative  (tower  plants  that  were  not 
sitecifically  analysed  in  the  study.  There  are  recent  indira- 
tions,  for  instance,  that  sonte  {toUution  control  devices  or 
approaches  not  considered  in  the  rejtort  may  (trove  su(>erior 
to  those  which  were  s()eci5ed.  The  Wankel  engine  with 
themvil  reactors  offers  some  (Kwribilities,  n%  <loes  tlie  lifdit- 
weight  Diesel,  the  '‘stratified  charge”  etigitie,  and  the  elec¬ 
tronic  fuel  iidection  with  emtsrions  control  fee<(back.  Sim¬ 
ilarly,  there  are  a  number  of  radically  different  but  as  yet  un- 
testeil  gas  turbine  conce(iCs  seemingly  worthy  of  serious  iit- 
vestigation.  With  regaid  to  external  combustion  ettgines, 
one  must  keep  in  mind  the  (toe^lnlity  of  technological  break¬ 
throughs  in  the  area  of  combustor-bumera,  organic  working 
fluids,  lulnicants,  and  antifieeae  enhancing  the  use  of  water- 
steam,  or  even  closed  cycle  organic  turbines.  The  Stirling 
cycle  engine  caniwt  be  excluded  from  coiuederation. 

It  is  abm  im(x>rtant,  in  uiulerstaiiding  the  significance  of  the 
results  of  the  .study,  to  em()hasise  that  the  (iCE  is  a  highly 
evolved  real  engine,  and  the  reduced  emissions  variants  are 
relatively  straia^tforward  extrapolations  involving  few  uncer¬ 
tainties  exce|)t  in  r^rd  to  emissbns  control  equi(imeiit  |)er- 
formaiKe  niNl  cost.  On  the  other  haiwi,  the  alternative 
engines,  as  such,  exist  only  on  (>a})er  or  in  the  laboratory,  al¬ 
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though  separate  comp^nts  and  aimilar  engines  have  lieeii 
built  and  tasted.  In  this  res()6Ct,  the  gas  turfite  is  more  ad¬ 
vanced  than  the  Raidiine  cycle  engine.  However,  neither  of 
the  altenrative  designs  have  undergone  tlie  same  degree  of 
evolutionary  refinement,  suboptimisatioM,  and  (mdiferutUsi  of 
variants  as  the  Otto  cycle  engine.  Hence,  conclusions  about 
both  (terforinanco  characteristics  and  costs  are  also  consider- 
^y  more  uncertain,  atuj  the  range  of  (wssilde  error  in  <leter- 
mining  (terformanco  caiwbilitica  is  grealM-  for  LE.\  engit^. 
There  is  also,  by  the  same  token,  more  scope  for  future  iin- 
(trovement  and  cost  retiuction  in  the  latter  because  they  are 
less  technologically  mature. 

t'lsler  the  im(iose<l  grouml  rules  of  the  .study,  two  alterna¬ 
tive  conversbn  schetlules,  four  years  and  ten  years,  were  (hmi- 
sidered.  The  results  of  the  study  lead  to  the  (‘onciusion  that  a 
4  year  conversion  is  not  feasible  if  all  (>re-])roduction  ntgineer- 
ing  and  testing  (>hases  are  included.  These  activities  will  re¬ 
quire  a  minimum  of  &-7  years  if  {>re-|>ruduction  consumer 
testing  is  included,  aiul  4-5  years  if  it  U  not.  Once  |)ro- 
duetbn  begins,  a  four  year  conversion  of  the  engine  munu- 
facturing  indmtiy  a))()earK  feasible.  On  the  other  hand, 
a  to  year  )>erio<l  for  conversion  of  |>roduction  facilities  per  u 
seems  excessive,  since  it  would  im|)osea  heavy  bunlen  of  main¬ 
taining  dual  facilities  and  inventory  on  the  serx’ice  and  re|>air 
sectors  w'ithout  substantially  increasing  the  salvage  value  of 
existing  engine  production  ca))ital  equi])ment.  'I'he  main  ad¬ 
vantage  of  the  longer  ))eriod  would  be  to  facilitate  retraining 
re)>air  and  nraintetiance  (lersonnel.  Hence,  an  overall  )0-year 
(6-year  |)re-))ro<lurtion  and  4-year  production)  conversion 
scenario  is  corisidered  to  be  o(>timal.  Roth  short-term  adjust¬ 
ment  |m>b{em.s  and  longer-term  economic  shifts  resulting 
from  the  conversion  ore  analysed  in  the  following  report. 

Another  giouiMl  rule  of  thie  study  is  that  only  >tandanl  -sise 
automolnles  are  constdereil.  In  fact,  the  ))aseline  vehicle  is  a 
six  ()aN!«nger  sedan  of  4000  lb  curb  weight  with  a  ^100  cu  in. 
V-8  engine,  equi(>)>ed  with  automatic  transmission  and  air- 
c<NMlitimiing  and  (>rDducing  a  maximum  of  150  liorsepower  at 
the  rear  wheels.^  This  ettiritur  was  designated  ns  the  0(‘- 
70.  Alternative  (wwer  (dants,  including  the  eniissioiMon- 
troUed  versions  of  the  Otto  cycle  engine,  were  siied  to  (trodiice 
comparable  acceleration  and  i>erformanre  characteristics. 
Htus,  all  ))Ower  (tlants  are  assumed  to  Iw  e((uivalent  in  j>er- 
formance,  just  as  they  are  awtumed  to  be  etiuivulmit  in  emis¬ 
sions— at  least  to  the  extent  of  meetiirg  the  |>rD()used  1976 
staiidaitLs.  While  the  latter  assum()tion  is  obviously  some¬ 
what  ((i^tionable,  xny  differences  between  the  engines,  in 
t^ms  of  (Mdlution,  were  defineil  a.s  l)eing  outsiile  the  sco|>e  of 
Ute  study. 

Some  other  a'«um[)tion.s  have  been  maiie  in  the  conqmta- 
tioiial  )Ntrt  of  the  study.  One  critical  assum|>tion,  l»se<l  u[)on 
the  latest  information  com()iIeil  by  the  National  Academy  of 
Scieitces  Committee  on  Motor  Vehicle  Emissions,  is  tlmt  the 
addition  of  an  Exhaust  Gas  Rerin  ulation  (EGR)  System  and 
a  Dual  Catalytic  Convertor  to  the  OC-70  will  result  in  a  25% 
increase  in  fuel  consumption,  or  (equivalently)  a  20%  loss  in 
fuel  ecoiTOmy  for  the  1976  Otto-Cycle  Engine,  OC(2),  OCX4) 
orOC(5). 

“Structural”  mwum|>tion.«  are,  in  brief,  that  a  free  market 
e.xists  in  the  motor  vehicle  and  related  iiHla«tries,  at  least  to 
the  extent  that  firms  choose  strategies  which  tend  to  minimize 
net  costs  ami  maximize  return  on  investment.  It  is  assumeil 
that  some  economies  of  .scale  exist  in  |>roduction  (uj)  to  it  level 
of  ]iefha(>s  500,000  units/  yr)  but  that  the  classic  inteix'ept  of 
rising-cost  versus  fulling  demand  run*es  determines  tlte  quan¬ 
tity  sold  to  ronsunters.  This  ensures  th:<t  iiirreused  car  (trices 
will  have  some  adverse  impact  on  sales  laial  em(doyment)  of 
the  auto  imlwlry. 

On  a  detailed  fevel,  there  are  a  great  number  of  assumptions 
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with  regard  to  the  vahdity  of  epeciSc  equetiona  or  quantitative 
dKMcea  of  panunetm.  These  have  been  dealt  with  in  two 
ways: 

(1)  With  each  parametw,  a  range  of  uncertainty  ae  to  its 
true  value  has  bem  estimate,  and,  for  each  output  vamWo. 
a  neulting  variance  has  been  comiMited.  The  pwvanl^ 
contributkm  to  the  total  variance  tfM  output  by  the  in- 
dividual  parameter  uneertaintiee  have  also  been  eocnputcd. 
Thus  the  inteieeted  render  can  judge  quantitatively  the  im- 
ptNtance  of  any  given  pammetrie  aMumption, 

(2)  A  complete  self-tonwetent  aat  of  results  for  ei^  oi  % 
number  of  specific  parametric  variationa  or  ‘‘aoenarios,'*  in 
addition  to  one  standard  caae»  have  also  been  computed. 
Altmative  assumptiona  bavo  beta  explor^  for  corporate  in¬ 
come  taxes,  investment  tax  cRdita,  dqireciatkm  rates,  ret^n 
on  investment,  wage  rates,  vehicle  weight,  end  aafety  require* 
ments  and  other  factors  affecting  manufaeturing  coats.  Coi^ 
sumer  coat  factors  wera  varied  explicitly;  they  include  basic 
fuel  coet,  fuel  corwumption  (by  engine),  driving  cycle— urban, 
suburban,  rural,  composite^maintokance  and  repair  coat,  and 
d^Heciatkm  rate  for  used  oars.  (lifetime  in  years  aitd  life* 
time  vehicle  mileage  are  directly  related  to  the  latter  param¬ 
eter.) 

The  fiow  of  inf<Mination  in  the  repewt  is  as  foHowa.  In 
brief,  the  manufacturing  coet,  capital  requirements,  and  inter- 
industry*  flow  of  material  (including  fud)  artd  components 
are  estimated  <ki  the  basis  of  an  engineering  level  asatyaia  of 
each  of  the  basic  engine  types.  Impact  <mi  eemsumera  is  haaad 
on  purchased  price,  fuel  consumption  atkd  price,  and  repair  and 
mainterumce  requirements  derived  frcrni  the  er^neeiing 
anal>*sis.  The  material  and  dollar  flows  are  aleo  adjuated  for 
changes  in  the  number  of  automobilee  sold,  based  on  calcu¬ 
lated  prices.  Employment  rtfects  are  estimated  by  assuniing 
labor  requirements  are  proportional  to  industry  output.  In¬ 
direct  waste  output,  overall  raw  materials  requirements,  and 
foreign  trade  effects  are  also  calculated  on  the  basis  of  the 
various  interindustry  dollar  and  mat«ial  flows. 

To  avoid  too  sjiecific  commarial  implications,  the  analysis 
is  based  on  aggregated  census  Standard  Industrial  Classifica¬ 
tion  (SIC)  definitions  of  imlustries  rather  than  attempting  to 
ideiitify  likely  effecta  <m  specific  firms.  It  should  be  empha¬ 
sised  that  the  Census  categories  are  based  on  “establish¬ 
ments”  ^i.e.,  individual  factories)  rather  than  o^aniiatioiis. 
Thus,  various  divisions  of  a  given  firm  may  ea.sily  belong  to 
several  different  “industries,”  and  industries  as  classifiefl  by 
the  Census  do  not  necessarily  correeirand  with  company  lines 
ordiviaioos. 

WeanHa 

Resulta  of  the  study  are  of  three  general  kinds : 

(1)  Statements  of  a  structural  sort,  having  applicstkm  be- 
yc^  tbe  specific  engine  alternatives  discus^  in  the  repmrt, 
reflecting  adjects  of  the  manufacturing  procw,  interin¬ 
dustry  relationelups,  8Upply*<lenuind  relationdiii^,  resource 
constraints,  technolo^ca]  possibilities,  and  interfacee  between 
government,  industry,  and  consumers. 

(2)  Statements  of  a  quantitative  kind,  mainly  ha>’ing  to  do 
with  comparisons  between  specific  «igine  alternatives  or 
8«vNti\ity  of  the  analyris  to  parametric  variation. 

(3)  Statement  of  conclusion  relevant  to  iKdicy  option-s. 

In  many  ways,  the  most  interesting  and  imjwrtant  results 
of  the  study  are  those  in  the  first  category,  even  thorqth  in 
many  cates  they  are  judgments  and  not  rigorous  conclusions 
<l«ivab1e  from  quantitative  arralysis  as  such,  but  rather  by 
synthesis  of  the  entire  range  of  information — includiiHt  both 
exogenous  (input)  ainl  endogenous  (computed)  data— assem¬ 
bled  for  and  generated  by  this  study. 

Qeweral  Cendualewt 

(1)  A  major  technological  chanf^  in  the  automobile  power 
plant  could  be  accomplished  .within  a  decade,  from  start  to 


finish,  without  serious  economic  upheaval,  thouidk  probably 
not  without  government  intervMition  (at  least  in  the  tense 
of  defiidng  emiadon  x  aafety  standanhi  or  other  coosinints 
within  which  the  industry  must  operate).  A  significantly 
ehorter  conversion  period  would  be  an  invitation  to  smioub 
teaneaeic  dislocation  since  it  would  not  allow  time  to  develop 
and  “debug”  the  new  product,  as  wril  as  the  associated  iMt>- 
duetion  line  equipertent  and  (ktwnstrcam  maintenance  and  re¬ 
pair  facilities  (including  labor  retraining).  In  any  mishap 
of  this  kind,  consumeie  and  tike  general  public  would  be  major 
loeeta. 

(2)  Tbe  ecoikomic  aecton  moet  steongly  affected  over  the 
long  nm  by  a  technological  change  in  automotive  power  plants 
are  petroleum  refining  and  fuel  distribution.  A  switch  from 
the  standard  engine  (OC-70)  to  an  emieskm-controlled  ver¬ 
sion  involves  a  major  change  in  refining  procesees  to  eliminate 
tetraethyl  lead  and  upgrade  the  pool  of  (unleackd)  gasoline 
frcun  ita  current  average  level  oi  83.5  octane  to  at  least  91 
octane,  while  also  increasing  production  significantly.  During 
the  transition,  higher  octane  (leaded)  fuels  will  still  be  needed 
for  oMm  can  still  on  tbe  road — no  problem  for  the  refiners 
but  a  pcoblem  for  the  distributora  since  many  gasoUrke  re- 
tailan  currently  only  have  facilities  for  two  grades  of  fuel. 
For  this  reason,  it  is  likdy  that  unleaded  gasoline  will  be 
produced  at  93  or  94  octane  rather  than  91  octane,  to  eliminate 
the  need  for  94  octane  “regular”  gasoline.  Conversion  to  an 
RFT  or  RCE  would  compound  this  difficulty  by  adding  a 
third  (or  fourth)  grade  (J  distillate  fuel  similar  to  diesel. 
Again,  there  is  no  proUem  in  converting  the  refineries  over  a 
period  of  10-15  years.  Howevte,  in  all  likelihood,  it  a*ill  be 
infeasible  for  most  retaileis  to  handle  all  three  (or  four) 
grades  of  fuel,  and  some  transitional  allocation  problems  can 
be  expected. 

(3)  Automobile  enginee  account  for  significant  fractions  of 
tbe  world  output  of  some  materials.  It  would  therefore  ap¬ 
pear  that  for  technologiea]  dkanges  involving  additional  uses 
of  metals  other  than  steel,  aluminum,  copper,  sine,  and  lead, 
for  which  world  markets  are  large,  time  may  have  to  be  al¬ 
lowed  after  the  production  prototype  is  determined  to  secure 
reliable  long-term  sources  of  supply.  (This  may,  in  some 
cases,  mvolve  opnung  mw  mines  or  new  ore  refiiung  facilities.) 

(4)  It  can  be  expected  that  any  increaro  in  the  manufac¬ 
turing  cost  of  the  engine  aill  be  passed  on  to  consumers. 
However,  even  a  suable  increase  in  power  plant  costs  has  a 
relatively  small  im})act  on  overall  vehicle  prices.  For  a 
standard-sised  sedan,  doubling  the  cost  of  the  |)ower  plant 
would  add  only  about  $430,  or  12%,  to  tbe  retail  price  of  the 
ear  to  tbe  consumer. 

(5)  The  initial  purchase  price  of  the  car,  plus  finance 
charges,  represents  only  a  fraetion  of  overall  costs  of  v^icle 
owneivhip  and  operation.  This  fracUmi  is  by  far  the  greatest 
for  new  car  buyers  (about  50%  in  tbe  first  year),  declining 
rapidly  to  about  25%  in  the  4th  year  and  to  no  more  than 
15%  in  the  7th  year.  Thus,  a  12%  increase  in  new  car  prices 
(which  might  result  from  a  100%  increase  in  engine  manu¬ 
facturing  cost)  adds  about  6%  to  tbe  first  year  costs  of  an 
owner-operator,  but  only  3%  to  the  4th  year  costs,  and  1.8% 
to  the  7th  year  costs. 

(6)  The  impact  of  fuel  costs  and  fuel  taxes  on  users  is 
roughly  comparable  to  the  impact  of  depreciation  smd  fiiunce 
charges,  over  the  life  of  a  car.  In  the  first  year,  deprecia¬ 
tion  typically  outweighs  fuel  costs  by  a  ratio  of  2:1,  but 
by  the  4th  or  5th  year,  the  two  are  about  equal,  and  after 
the  Tth  year  the  ratio  is  reversed.  In  fact,  fuel  accounts 
for  roughly  25  to  30%  of  all  costs  of  owttership  and  o|)eratton 
throughout  the  life  of  the  vehicle,  roughly  equal  to  tleprecia- 
rion  and  fiiuince  charges.  Hence,  a  25%  increase  in  fuel  con¬ 
sumption  ))er  vehicle  mile,*  or  a  com|>arable  increase  in  fuel 
prices  per  gallon,  will  have  the  same  average  ^ect  as  a  25% 

*  Stteh  M  miiihl  rMult  from  emiHions  roniroti  eoatMnplAted  for  the  Otto 
Cycle  ensitw- 
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inemM  in  ntw  rtir  rmoen.  the  impact  ultimately 

will  be  relatively  greater  on  the  tlriven  of  d<ler  cara,  who 
presumably  repnment  lower  income  inxiuiw.  Thus,  in  any 
tradeoff  between  raising  new  ear  {irtcea  and  raising  fuel  con¬ 
sumption  |ier  mile  traveled  or  fuel  costs  |ier  gallon,  a  <lecutioii 
to  minimtae  car  price  increases  at  the  ex|)enae  of  (>ermittiiig 
fuel  conMimption  or  iwice  increases  will  tend  to  be  regressive 
in  its  socto-economir  impact. 

(7)  llecauae  there  are  only  very  limited  opportunities  for 
substitution  in  the  realm  of  personal  transportation,  increased 
automobile  iwices — from  any  chuae — have  a  relatively  tdight 
effect  on  auto  ^les,  if  we  (listegard  short-term  transient  ef¬ 
fects.  Tyfricaily,  a  10%  twice  increase  (j^wead  over  aeveral 
years)  would  result  in  only  a  3.6%  dedtne  in  dollar  sales,  on 
an  equilibmim  ham,  or  31.7  billion  for  the  projected  1980 
sales  volume. 

(8)  Sudden  sharp  increases  in  price  <lo  tend  to  exaggerate 
the  long-term  adv«ae  effect  on  sales  and  result  in  losses  that 
are  never  made  up.  Temporary  sales  losses  to  an  imiustrv- 
as  large  as  the  auto  industry  are  felt  at  the  level  <A  the  ecottomy 
as  a  whole.  That  is,  the  auto  industry’.s  short>term  loss  is 
not  tnirslated  into  some  other  aeetor(s)  gain,  but  rather  it 
results  ill  a  net  drop  in  industrial  output,  employment,  per¬ 
sonal  income,  and  GNP.  This  can  be  avoided  through 
govenimeiit-iiidustr}'  coojieratiuii  to  ensure  a  gnulualiat  a|>- 
proach  to  |)Hce  changes. 
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(9)  The  lapital  resources  uvnilsble  tu  the  automobile  maini- 
facturing  imlustry.  either  through  iiiteriiul  mlirection,  e.g.. 
deferral  of  annual  nuxlel  changes,  or  through  external  sources, 
.'ipiieaiH  ample  to  finance  conversion  to  an  alternative  ty)>e  of 
|)ower  plant.  In  fact,  the  total  capital  investment  in  engine 
facilities  for  the  most  ex|)enaive  aiteniative  considered  is 
roughly  the  same  as  a  single  year’s  current  capital  expendi¬ 
tures  by  the  motor  vehicle  industiy.  (It  may  be  noted,  in 
passing,  that  the  industry  price  leader,  G.M,  currently  makes 
no  use  borrowed  funds,  even  tboi^  it  ap|)ears  that  greater 
use  of  debt  financing  could  significantly  increase  earnings  or 
cut  iirices.) 

(10)  While  there  would  apiiear  to  be  little  or  no  financial 
risk  to  the  automobile  industry  in  undertaking  a  major  tech- 
tioiogical  conversion  mandat^  by  the  government,  if  the 
diMce  of  teohnok^  and  the  conversion  scheduling  were 
carried  out  independently  of  the  government,  with  tlifferent 
films  selecting  different  conversion  paths,  the  risks  ap|)ear  to 
be  significant.  Thu.'*,  it  seems  that  the  industiy  has  a  veiy 
strong  incentive  to  obtain  tlie  widest  i}ossible  consensus  on 
the  optimum  technological  choice  prior  to  undertaking  any 
major  investmmt  commitments.  Past  industry  reluctance 
to  admit  even  the  iiossibility  of  any  .serious  alternative  to 
the  Otto  (’ycle  Engine  (OCE) — with  industry  R&D  tending 
to  focus  on  rather  exotic  long-term  possibilities  such  as  the 
sodium-sulfur  battery — should  be  viewed  in  the  nght  of  this 
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eireumfltkOM.  Notwithituidiiic  th»  abenn  remaHtH.  it  is 
not  ninoitad  that  a  govammant  mandata  of  a  spaeifie  taeh- 
nology  is  dmktbh.  On  tha  oontrary,  it  may  well  ba  prafar- 
abla  frcMn  a  public  intanM  stawlf^t  to  annomfe  M- 
takinc  in  the  privata  aector. 

(11)  To  the  extent  that  there  ia  any  ehoua  between  ueing 
imixNrtad  (and  eeiUy)  (041.,  nickal,  chronM,  cobalt)  to 

reduce  fuel  consumptioD  Mimm  wilBc  more  fuel  in  an  an^w 
requiring  cheapw  mator^,  hdlanfia  af-ttpde  aa  wK  aa 
ertwgy-conaervation  conekfamtimis  would  dictate  minimiaang 
fuel  coMumptloft  rtttMr  Umb  engine  price.  Tha  impact  of 
tha  auto  industry  on  inta^ttenattfadeneetna  in  three  areas: 
ba^c  materials  (metals  and  ates),  petroleum,  and  notcw 
vducles  and  parts.  Couweion  of  t^  auto  industry  to  an 
aHamathre  teehgotofy  «QUU  have  no  a  priori  effect  on  the 
third  of  these,  aK&otigh  if  ptwas  m  sharply,  sabs  of  small 
eubcompact  can— now  rep^hTtetP^htad—are  Iftafjr  to  in¬ 
crease  at  tha  axpaose  of  huvr  ears.  On  tha  other  hand,  it 
amns  like^  jlhat  conversion  to  an  LKA  engine  vauld  em- 
stitute  a  sig^cant  nocHariff  barrier  to  imports  of  formgn 
cars.  Both  metals  aitd  petroleum  are  increasingly  imported, 
but  die  impact  on  halsaea  of  payments  is  ovtfwhdmingly 
dominated  by  pelrobum.  It  may  be  noted  that  the  above 
condusion  is  “new.”  That  is,  the  choice  would  almost  cer¬ 
tainly  hava-gone  tha  other  way  a  decade  or  two  ago  when  the 
U.  8.  ^**tft*ii*f  of  paymenta  was  favorable. 

QwaflIltBitie  OawdimiaM 

In  this  section,  the  ahenativa  pow«  pbnt  daeigp  options 
and  pararaaitie  vaiiationi  ara  spacifiedly  eofl^laled  with 
respaet  to  mimufactiiriac  costs,  fuel  requirements  snd  co^, 
consumers  costs,  demand  for  motor  vahida^  impact  on,  in- 
duatry  and  ampt^raant,  matsrial  raqiuiemants,  and  trade. 

bigkia  Maautsabrlag 

For  the  OC-70,  an  indapaodant  estimata  of  plant  machine 
toob  and  production  line  equipment  was  made  for  a  hypothet¬ 
ical  engine  jdant  of  10*  umte  per  year  cajiacity*  pi^ueing 
380  cu  in.  V-8  engmee.  Capital  investment  ptf  unit  (capac¬ 
ity)  was  astimstad  to  be  $271.  Total  (woduction  labor  par 
engine  was  esttmatad  on  tha  bans  of  data  supplied  to  the 
United  Auto  Workers  (UA^  by  duysler  Conwration; 
av«age  wages  per  man-year,  including  ben^ts  and  overtime 
being  derived  from  the  same  source. 

Manufacturing  costs  for  emisritm  control  devices  applicable 
to  tbe  OC(l),  OC(2),  and  OC(4)  were  obtained  partly  from 
Uie  National  Acacfemy  of  Sciences  Committee  on  Motor 
V^cb  Emissions,  la  a  few  cases,  Uim  were  differmces, 
but  ttiese  differences  have  relatively  UUb  impact  on  the  re- 
suHe. 

Coets  f(K  the  two  alternative  enpne  tyiies  (RFT  and  RCE) 
wtfe  dmved  by  estimating  direct  manufacturing  costs  and 
direct  production  labor.  The  basic  data  came  from  vendors 
and  parts  suppliers,  and  from  engineering  cosUng  analysis 
done  by  the  manufacturing  sub^iaries  of  the  I'nited  Air¬ 
craft  Corpo«ation.t  A  cost  model  was  than  constructed  to 
reconcile  tbe  Afferent  types  of  data  sources  and  ensure  reason¬ 
able  conastency  between  estimates  for  different  engine  types. 
Direct  production  labor  was  uniformly  defined  as  labor 
“touching”  a  material  or  component  (i.e.,  grating  irroduc- 
tioihline  machines),  while  indirect  production  labor  was  de¬ 
fined  as  all  other  labor  involved  in  providing  engineeriug  itgr- 
vices,  utility  services,  trans|K>rtaUon  and  war^ousing, 
maintenance,  tooWnaking,  and  so  forth.  “Indirect”  over¬ 
head  was  d^ned  as  administrative,  financial,  legal,  sales. 
RAD,  etc.  Indirect  production  labor  was  taken  to  he  a  fixed 


*  ;\elual  planu  ftrt  aut  thif  l>ig.  liut  «wu  par  uoit  ara  aspaeud  to  he  tha 
•ama.  ainaa  aevnoatiaa  of  icala  ia  aagioa  casouraciunBC  appear  to  reach  a 
liiait  of  about  800.000  uaiu  par  yaar. 

t  Paiaat  of  Vaitad  Airamft  tUaaanh  Laboratoriaa.  a  aabeaatraatar  oa  thh 
•tudy. 
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7eMeL  twnmery of eelirted feeuKs. 


Fuel  requirefeefttk 

OC-EngineCaee 
OC-70  00(2) 

17  Oetene  U  Oelene 
ieed^  no  lend 

Stenderd 

turbine 

engine 

Cese 

RFT(4) 

Middle 

distMetes 

Stenderd 
Renkine 
cycle  engine 

Cese 

nCS(4) 

Middle 

distMetes 

AMlee««/8il(SDKlutf- 

ingtsMs) 

e.23 

9.225 

0.205 

0.2D5 

Feel  aconamy  (mpg) 

U.4 

».l 

12.4 

12.2 

fa^nesnl^wiacfe- 
merit  (Mr/erifine) 

0 

+72 

-m 

+474 

gRglm  direci  nrfg. 
Meia) 

$321 

$444 

$357 

Engiriecocito 
consumer*  0) 
Olfeet  leber  In  engine 
production  (men- 
yr/l0*unMi| 

9m 

5775 

OOK 

4005 

Oimetleberyt 


mM-hr/englne 
Capital  investment 
($/ttntt)  in  engine 

7.80 

11.55 

17.70 

0.73 

production  fecMities 
UfetiriM  engine-re- 
Medrep^end 

$271 

$313 

$305 

$340 

meMenence  ($) 

1141 

1U2 

1701 

1245 

^faeevereps  1070  entlne  reoukes  s  13  octane  fue*  vriiieh  «qwM  b* 

lli|hq>  leet  ccHy  than  theft  octsw  usiaadad  tua*.  RasrattaMy.  many 
paopts  waa  pnHnkim  hiai  uwwacaaaaaSy^tha  avaraga  rating  bal^cloaa 
iot?  ectana. 


T^le  II.  Fuel  consumption  ovar  simutoted  duty  cydas. 


OC-70 

OC(2) 

RFT(4) 

RCC(4) 

Federal  drtvini  cycle 
(urban) 

0.40 

7.59 

9.36 

10.95 

Suburben  cycle 

12.7 

10.2 

13.3 

15.4 

Rural  cycle 

12.5 

10.0 

15.5 

11.6 

Cempoelte  cycle 

11.4 

9.1 

12.2 

12.4 

ratio  to  direct  production  labor  (based  on  00-70  daU)  while 
indirect  overh^  was  assumed  to  be  uiuiffected  by  engine 
design.  Costs  of  equity  and  (Mit  financing,  and  the  imjiact 
of  taxes,  tax  credits,  interest  deductions,  and  depreciation 
allowances  were  computed  by  standard  methods. 

Overall  costs  were  cstinutted  and  broken  down  to  display 
the  omtribution  of  various  cost  elements  for  all  twelve  variant 
engine  designs  for  tbe  standard  assumptimis  (i.e.,  best  esti¬ 
mates  of  relevant  parameters).  There  wa.s  a  clear  advantage 
in  terms  of  costs  for  the  OC(2)  as  compared  to  the  00(4) 
and  for  the  RFT(4)  and  RCE(4)  variants,  res|»ectively. 
Tk«e  cases  were  then  selected  as  the  basis  for  all  further 
quantitative  com)>arisons. 

MateriaLs  (direct  and  indirect)  sccount  for  the  laig»t 
single  fnu’tiw  of  engine  cost  for  all  engines  studied,  ranging 
from  a  low  of  47%  for  the  OC-70  to  53%  for  the  00(2),  55% 
for  tbe  RFT(4).  and  58%  for  the  RCE(4).  Direct  and  in¬ 
direct  labor  is  the  next  largest  cost  comjionent,  accounting 
fmr  36,  30,  29,  awl  26%  re!q>ectively  for  the  four  engines. 
Capital— l»th  fixed  and  working— and  taxes  account  for 
between  16  and  17%  for  all  engines.  The  main  result,  of 
course,  is  that  the  00(2)  will  result  in  a  price  increase  to  con- 
Mimers  of  about  1205.  Price  increa.'^  f(v  the  RFr{4)  would 
be  about  Wl5,  and  for  the  Rf:E(4)  the  differential  would  be 
$280.  A  summary  of  the  key  production  cost  data  i-s  given  in 
Table  I. 

The  sensitivity  of  these  results  to  alternative  a.ssumptioiis 
isdisplayed  in  Figure  I .  The  principal  conclusion  to  be  drawn 
is  that  both  the  rank  ordering  of  the  four  engines  and  the 
magnitudes  of  the  differentials  are  largely  unaffected  by  alter¬ 
ing  the  iwrametere  within  reesonable  raises. 
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TtfctoWt  tinmiyof wmfihlp— 


Oltacycla 

Oss 

ftankina 

00-7Q 

00(2) 

RFTt4) 

^4) 

islyaareoala 

Ospraairtiow 

llt.M 

OM.TI 

917.42 

900.00 

Mamet 

UI.M 

141.70 

192.47 

M4.99 

FM» 

mktf 

4».09 

204.04 

20.21 

Fuel  taxes 

2U.94 

197.70 

190.21 

1 

} 

1 

3U.M 

319.00 

319.00 

3UJ0 

Eng.  maMsnaMe  and 
mpalr 

S7.40 

91.10 

00.99 

42.« 

Other  maMananes  and 
rapaira 

37.90 

37.90 

27.90 

37.0 

inamanca 

120  JM 

121.00 

121.00 

10.0 

TOTAL 

2097.10 

2290.00 

2172.00 

2OM.0 

4th  year  eosta 
Dapmetstion 

333.43 

394.M 

370.99 

342.tt 

Inlamat 

90.44 

$3.19 

97.29 

M.10 

Fuel 

242.11 

299.70 

201.44 

10.0 

Fuel  taxes 

U9.79 

149.09 

100.20 

10.0 

s 

1 

1 

214.00 

214.00 

214.00 

214.0 

Eng,  maintsnanca  and 
repair 

149.24 

230.14 

2S.03 

U1.0 

Othai  maintenance  and 
repairs 

97.90 

97.90 

97.90 

0.0 

fnsuranea 

124.00 

124.00 

101.00 

124.0 

TOTAL 

1330.70 

1929.10 

1414.40 

130.0 

7lh  year  easts 
OapraclaWon 

121.01 

134.09 

142.44 

137.12 

Mamet 

4.79 

7.U 

7.63 

7.0 

Fuel 

1SS.39 

190.39 

129.39 

127.0 

Fuel  taxes 

74.30 

93.00 

69.43 

0.31 

Oarage,  periling,  tell 

131.40 

130.40 

139.40 

10.0 

Eng.  nwintafMnea  and 
mpair 

137.74 

219.64 

214.92 

10.0 

Other  maintananca 
and  mpair 

90.60 

90.00 

90.00 

0.0 

Inauranea 

111.00 

US.QO 

111.00 

110.0 

TOTAL 

044.00 

991.20 

910.40 

00.10 

Oiacewntad*  totals, 
Vaaral-3 

3771,4 

4212.9 

3954.1 

370.0 

yaam4-6 

2410.3 

2004.0 

2597.7 

240.0 

Years  7>10 

1079.S 

2170.9 

1946.2 

1032.1 

*  lt%  •nnoal  rst«. 


AmI  OMIMMiptiMI  ««l(l  OMtl 

F\iel  romumptioM  for  carh  engine  has  been  estimated  for 
(our  different  simulated  **duty  representing  various 

ronditrona.  The  Federal  Driving  C>*c(e  (FDQ  is  a  rather 
cmnple:^  sequence  of  prescribed  <lriver  actions  as  a  basis 
for  EPA  automotive  emiasionB  teats.  It  a’aa  designeil  to 
approximatriy  reproduce  urban  driving  conditions.  The 
Cifflce  of  Air  Programs  (OAF)  at  EPA  has  also  designed  o 
simulated  **8ubu^n”  cycle,  a  simulated  ‘'rural’*  c^-cle — 
moeth'  high  speed  cruisi^— and  a  “com^xieitie"  cycle  roughly 
representative  of  the  nati<mal  average. 

If  ei^ne  fuel  consumption  is  knwn  as  a  function  of  trac¬ 
tion  load  (tonfue)  and  sjieed  (RPM),  fuel  consumptim  for 
any  simulated  set  of  dri\'ing  conditiona  can  be  calculated  on 
a  computer.  This  has  been  done  for  the  OC-70  as  well  as  for 
the  two  ’’paper"  engines,  the  RFT  aiMl  RCE.  noted 
earlier,  the  fbel  consumption  for  the  OC(2Q  or  for  the  OC(4) 
are  am|dy  assumed  to  be  35%  greater  than  for  the  OC-70.* 
For  the  given  OC-70  (4000  Ib  curb  weight  with  automatic 
transmission  and  air  conditionii*),  the  calculated  fuel 
ecmiomy  is  9.49  miig  on  the  Federd  Driving  r}*de.  It  can 
be  shown  that  this  figure  is  consistent  with  EPA  test  data  for 
vehides  of  com]Mir^^  freight,  similarly  equiiYfied.t  Based 
on  available  engineering  iwrformance  data  on  the  aHemative 
engines,  computer  simulations  have  abo  been  carried  out  for 
the  other  engines,  leading  to  the  results  shown  in  Table  1 1. 


•  Mmm.  the  fMl  MMMMy  «r  ttM  OCm  «r  OG(4)  If  90%  hm  UiM  for  tho 

oc-7a 

t  Aa  MtwBotiila  of  4000  lli  earb  voi«li4  it  dtSaod  m  4300  Ib  toot  woicht. 
wbieh  eonaopoada  to  4S00  Ib  laortial  woiebt.  Tbt  tir  eomUtioaias  Mbtraeto 
0%  from  moaaurod  fuol  oeoaoMy  eror  tbo  Fodcral  Prirloc  Cyclo. 
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a.  LifaUma  fual  eosta/savSiga  rataUwa  to  OC-7D. 


Fttd  requirements  vary  considerably.  The  OC-70  is  pre¬ 
sumed  to  utilise  leaded  gasoline  having  an  "awrage"  octane 
rating  of  97t-an<i  costing  23^  i)er  gallon  exclusive  of  114 
taxes.  The  OC(2)  or  (X'(94)  couhl  utilise  a  91  octane  non- 
leaded  fuel  costing  about  22.54  |>er  gallon ;  however,  to  mini¬ 
mise  distribution  proUems,  a  93  or  94  octane  iton-leaded 
gasoline  may  be  sold  in  place  of  existing  "regular"  grades. 
This  woukl  cost  anywhere  from  0.2^  to  0.04/ga]  more  than 
existing  (97  octane)  fuel.  Dn  the  other  hand,  either  the  RFT 
or  RCE  could  utilise  dUtUlate  fuels.  The  latter  could  be 
iwoduced  at  a  savings  of  at  least  2.54/gal  com|)ared  to  present 
grades. 

Fuel  costs  to  consumers  de|)end  u|Xmi  (1)  the  mileage  driven; 
(2)  the  duty  eyete  (urban,  suburban,  rural,  etc.)’,  (3>  the  basic 
fud  consumption  of  the  engine;  and  (4)  the  |>rice  of  fuel  |>er 
gallon  (including  State  and  Federal  taxes).  The  national 
average  for  all  jiassenger  cars  on  the  road  was  about  9900 
miles  iier  car  in  1971.  Ho«*ever,  this  is  an  average  over  cars 
of  all  ages.  When  age  is  taken  into  account,  however,  there 
is  considerable  variation:  from  17,500  mi/>T  in  the  first  year 
to  around  6000  miles  in  the  tenth  year  of  0|)eratH>n.  The 
median  lifetime  of  all  cars  is  about  9.5  years,  but  some  cars 
continue  to  o|)crate  for  15  or  more  years,  so  the  "average*' 
mileage  per  year  continues  to  be  lum-sero  even  after  the  tenth 
year,  lifetime  mileage  apiwars  to  be  about  1 1 2,000  miles. 

Baaed  on  the  above  framework,  it  is  |)ossibIe  to  compute 
ex{)ectcd  fuel  costs  (including  taxes)  on  an  annual  basis  aiul 
over  the  life  of  a  car.  Here  there  are  quite  dramatic  dif¬ 
ferences,  de|)eiKling  on  the  i^animetric  assumptioits,  a.s  shown 
in  Figure  2.  lk>th  the  RI^(4)  and  RCE(4)  exhibit  .signifi¬ 
cant  cost  advantages  over  the  OC(2),  if  the  staitdarcl  case 
asaumptions  with  regard  to  fuel  economy  aiwl  cost  are  ac¬ 
curate.  There  are  imiwrtaiit  differences,  however,  between 
the  urban  and  rural  cycles.  On  an  urban  driving  cycle,  the 
RCE(4)  apiiears  to  offer  significant  advantages  even  with 
res|)eet  to  the  OC-70;  whereas  on  a  rural  cycle,  the  RFT(4)  Ls 
favored.  The  difference  between  either  the  RFT(4)  or  the 
RCE(4)  and  the  OC(2)  in  the  standanl  case  fm*  a  comiiosite 
(national  average)  duty  cycle  is  40%.  Thus,  even  if  we  a.s- 
sume  that  fuel  economy  for  the  OC(2)  has  been  uiulerestt- 
mated  by  15%  (i.e.,  we  a.ssume  there  is  only  a  5%  |)enalty  for 
emission  control  devices  on  the  Or(2)  vis  k  vis  the  00-70) 
the  LE.A  engines  still  offer  roughly  10%  lower  lifetime  fuel 
costs  to  the  consumer.  This  ap|)ears  to  be  one  of  the  most 
rignificant  results  of  the  study. 


}  AlUivucI*  M  0etaM  » ttmnUmUy  adviutt*  fur  lb*  OC-70.  ecMuuiMrs  itnH 
to  overbuy  prvTBium  (rndn  of  fuel. 
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Aput  Inm  fial,  tha  «al>  of  aomiiic  and  ii|iaaa>iin  an 
automobila  am  attittutabla  to  da|«aaaliaD  and  Ana  am 
chaiiei  (iolanat),  rapairand  maintananea,  inamanm,  paikioc, 
loUa,  and  lagiataatian.  Dapraeiatna  and  lapair  eoaU  am 
priaiaritjr  a  (onetion  ol  tha  aaa  of  tha  ear;  paikiac  and  toUa 
am  pmiKitional  to  aiileapa,  whamaa  tha  otkat  ooma  taad  to 
ba  ralatiTaly  conatant.  Tha  major  aoat  ihmaata  inrhidim 
fnal  am  tabohdad  in  TaUa  III  and  plaMad  waaa  aafikta 
act  in  Figum  S.  One  important  impHnatinn  of  thia,  ahaady 
notad  nndar  “atmetuml  oonehmioat,”  it  that  any  intmaaa  in 
pnrehaaa  ptiet  or  fuel  eeoaannttion  nonld  ham  a  diHiiopar- 
tioaata  iaapaet  on  oamaia  ef  older  cam.  Tha  aaamthdty  of 
conaamar  oonamhip  and  opamtiac  ootU  to  vaiioui  altetnalt 
teauacdieoa  it  aahihittd  in  Hcum  4.  Tha  nwior  nmih  it 
that  both  LEA  aiwntt  ofhr  auhataatmEy  loaar  ormall  eoata 
than  tha  OC(3>  midar  tlnutl  all  dfrumetanme.  Of  tha  tno 
LEA  eogiote,  tha  RCE(4)  appam  to  hart  a  ajgniUmht  ad- 
vantaca,  nhid  haeooMt  pmpoitaonally  pmatar  for  older  can. 
Wl^  tb  raanlt  it  quenlitatirefy  dependent  on  the  fuel  eon- 
sumption  and  fuel  coat  eetimataa,  aran  much  leae  favorable 
aaaumptiooa  do  not  appear  to  alter  the  qualitative  oompari- 

It  AouHd  be  notad  that  thcee  «itt  ba  aM^eaot  dtSeraneas 
among  tha  varioia  angUM  aa  pawifad  by  vahida  oparaton. 
ThoM  <tiffaraneaa  will  allaet  drivaability,  eom^nlanea,  and 
aasthatin.  For  ioatanaa,  the  OC<2)  or  OC(4)  will  require 
frequent  inapeetiona  mkd  adtuaimeni— a  niuaanea  to  dnWs. 
Tha  RFT  haa  a  chaiactamtic  lugh  pitched  whine  which 

might  be  irritatiiw  to  aome  people,  especial))*  U  aeouatie 
mutti«  laib  in  older  can.  There  is  also  a  perceptible  'lag" 
on  aecderation  due  to  the  inertia  of  hi^Mpaed  tiubohsaa- 
ehineiy.*  Ita  rektiva  compaetnaaa  and  lifdtt  weight  offer 
some  benadta  to  the  vahide  designer  and  stylist.  It  would  be 
the  easiast  engine  to  adapt  to  a  small  car,  for  instance.  The 
RCE  will  iwobaUy  taka  a  little  longer  to  start  cold  than  the 
others  (4fi  to  90  sec,  dapendi^t  on  outside  tampemture). 
It  is  also  amnawlMt  bulky  and  wui  eonatrain  the  soling  poan* 
t^ties  for  the  car  especially  with  respect  to  ths  front  ^)l. 
It  will  be  har^  to  adapt  to  a  vary  small  car  ^an  a  turbine. 
On  tbeotlMr^Ml,  tha  RCE  may  have  unusually  good  driva> 
ability  characteristics,  with  npid  smooth  acoelssatioD.  Ihsce 
each  angina  has  both  advantages  and  disadvantages,  the  net 
impact  of  thesa  nonooat  diffarsnece  cannot  be  determined  in 
the  absence  q(  consumer  testing. 

HsiMH»a*OaaMiid>srMatar¥ilHriistaMSirBais  aeauninisin 

The  potentod  impact  of  vehicle  prioe  inereaees  on  ^mand 
(i.e.,  aato)  has  already  been  msntkKwd.  The  senativity  of 
this  general  result  to  alternative  assumptkms  is  shown  by 
Figure  5.  The  extra  coets  associated  with  1976  safety  re¬ 
quirements  will  add  about  9425  to  the  price  of  a  standard  car 
as  compared  to  the  coat  of  meeting  1976  pollution  require¬ 
ments,  I2W  for  the  OC(2).  9415  for  the  RFT(4).  and  $280 
forthe  RCE(4).  Effects  on  sales  will  be  cumulative.  Meet¬ 
ing  pollution  standards  akxie  would  appev  to  result  in  a  drop 
in  "equiUbrium"  demand  of  — 1.4,  —2.9,  and  —1.9%  re¬ 
spectively.  Meeting  safety  raquiiements,  in  addition,  will 
increase  these  numtm  to  — 4J%  for  the  OC(2),  —5.8%  for 
the  Rrr(4),  and  -4.8%  for  the  RCE(4). 

Two  further  points  should  be  made  in  repud  to  demand. 
First,  the  econometric  dmnand  model  used  in  this  re|>ort  in 
extianeiy  senritive  to  aaumptkms  about  the  <lepreciatton 
rate  of  Uie  erikmg  inveotocy  of  cars,  which  is  eurmUy 
27.7%/yr.  If  this  deprrarioo  rate  should  drop  to  26%/}t, 
effective  car  life  would  increase  by  as  much  as  3  year^  and 
annual  sales  of  new  cars  would  drop  by  about  6.7%  below 


•  DcpeiMlii'c  a«  tb*  •pcctSci  vT  traMndaM*  mS  MSiM  SiUf  .  b«w«v«r. 
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Utmtm  1.  OtHmfltM  tmp«e<  ol  Mctn*  itutM  m  rtwwwd. 


A  m»mmuy  «l  tb*  loBg^wn  unpMt  on  induabiin]  output 
n4  •nploymani,  by  aoetor,  on  ov«n  in  Figure  6.  The 
priiwifiel  caaelniwn  to  be  <kn»B  ie  that  even  e  nuheal  eogioe 
redhii^  oouM  hove  no  anior  efleel  on  nny  nduelry  rle  wified 
by  eeBMS  leteanriM,  neept  in  the  cnee  ot  whmH  fnetw^, 
Iloio4t>  the  winitiMb  of  the  nppnient  unpoH  here  is 
snaeirhit  miihiirting,  anee  tho  netivHaee  in  question  would 
eiftnhdbr  be  eenied  out  ialeninUy  fay  naotor  vehiele  mnoo> 
feetaim. 

Eteele  on  eo^ae  ikrtrial  equ^nent  euppiien  (notably 
spark  plop  end  dieliibutan)  and  nndiine  atuq)  iwodueta 
(notably  eeihuraton  and  fuel  eootrols)  would  also  be  agiufi* 
cent,  though  net  entaetroplne.  Apin,  mueh  of  this  produe* 
tioo  ie  sttueHy  initnel  to  the  maior  autooaobsls  inanufao* 
tume,  whirh  nnidd  leduee  the  impaet  of  change. 

lafaer  inputs  for  nannlaeturiag  all  three  ahsraatiYe  sogtiMB 
OC(9)»  RFT(4),  and  aCE(4)  are  bighse  than  for  the  OC-70, 
as  sen  be  seen  by  eompanag  labor  eeete  in  Tidde  1.  ln> 
erensss  with  rsspeet  to  the  OCV70  for  production  labor  are 
as  follows:  +30%  for  the  OC(3).  +M%  for  the  RFT(4), 
and  +11%  for  ^  RC£(4).  This  extra  emph^ment  do« 
(lot  entirely  concepond  to  a  drop  ui  productivity  since  the 
•'oneumer  reeeivea  a  bitter  quality  product.  However,  it 
should  be  noted  that  the enviroomentiJ  benefiuof  iheOC(2), 
RFr(4),  and  RC£(4)  are  preeumed  to  be  equal. 

Major  cfi^ynont  increases  are  also  projected  forthere- 
peir  and  maintenanse  sector  in  the  ease  of  the  OC'(2)  (+13%) 
and  the  RFT(4)  (+3^),  but  not  for  the  RCE(4).  Thm 
estosatss  aie  not  cenaidered  to  be  the  meet  reKa^  in  the 
report  beceuse  of  the  ihffieulty  of  projecting  r^iair  and  main- 
tenanee  requsiemeirta  for  “pap^'  engines.  However,  sensi¬ 
tivity  analyssB  indkatee  that  different  aaeumptions  hm  will 
have  relatively  httle  import  on  the  overall  cost  comparisons 
between  the  venous  enginee.  The  additional  repair  and 
maintenance  labor  needed  for  the  OC(3)  and,  particularly 
the  RfT(4>  as  compared  with  the  OC*70  ami  tlw  RCK(4), 
should  probably  be  regarded  as  a  net  decrease  in  (iroduc- 
tiviiy,  if  the  same  environmental  quabty  can  he  achie%'ed. 
While  additional  erDployment  is  created,  it  m  not  neremiari)> 
of  a  kind  that  is  most  desirable  from  the  standpoint  of  utilising 
human  resoureee. 


MMe  and  SeUerel  Ntgleeav  Taa  llevewwoe 

Taxes  on  fud  are  assumed  to  remain  at  the  pr^nt  level 
on  a  per  galkm  basis.  Cosnparsd  to  the  baseline  projee* 
tiona,  the  OC(2)  would  increase  revenues  from  this  source 
by  2^  after  conversion  of  the  existing  vehicle  inventory, 
while  the  RFTfi)  and  RC£(4)  would  deersaae  fuel  ta.x  reve¬ 
nues  by  7%  and  9%  raspsetivdy.  If  tax  rates  were  to  be  ad¬ 
justed  to  equalise  the  revenue  in  all  three  cases,  the  tax  per 
gallon  would  drop  by  2.7^  for  C>C-70  fud  and  increase  by  .84 
to  for  the  LEA  enginse. 


baseline  projections,  or  S3.2  biltion  ift  1980.  Conversely,  if 
the  depreciation  rate  for  older  vdticles  should  increase  to 
30%/yr  (the  *'orpl^  car"  effert),  amual  sales  of  new  ears  in 
equilibrium  vroukl  increase  by  5.4%  over  the  baseline  projec¬ 
tion.  or  92.0  liillion  in  1980,  other  factois  remaining  equal. 
It  is  difficult  to  forecast  which,  if  either,  of  these  ebangss 
might  occur  in  the  event  of  conversioako  a  LE.\  ei^ins. 

The  second  qualifying  remark  is  that  the  demand  model 
that  was  used  doss  not  riffset  the  effect  (if  aay)of  sbaagsein 
oiierating  costs.  One  nsy  mto^lnwlvsr.  that  if  dissouBted 
value  (np\0  of  ail  costs  for  the  firsi  thtOe  yean  of  a  vehide'a 
life  were  usetl  as  an  explanatory  variable  (in  place  of  purchase 
price), introduction  of  the  00(2)  wortid  have  a  more  advMO 
dfect  on  sslee  than  either  of  the  LEA  engines.  However, 
this  cannot  be  stated  as  a  definite  conclusion,  but  merdy 
ss  a  plaiMUe  bypothesfo. 
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gessartaa  sad  Trada 

A  summary  of  the  impact  of  alternative  engine  designs  on 
baseline  consumiition  of  a  number  of  key  materials,  including 
high  temperature  metab,  catalyst  metab,  and  petroleum  are 
d)own  in  Tabb  IV  and  Figure  7.  The  magnitude  of  the  {>o- 
tential  impacts  has  a  numlwr  of  interrelated  implications: 

1.  To  increase  current  leveb  of  output  tA  some  rdatively 
scarce  nwtab  like  pbtinum  and  paUadium  which  may  reituire 
major  investments  and  conaderable  time,  resulting  in  interim 
shortages  and  (perhaps)  uudesirable  dependence  on  single 
Houross  of  sup)>ly. 

2.  Even  though  many  of  the  critical  niateriab  are  iin{>orted. 
trade  effects  are  overwhelming!)'  ilominated  by  jietroleum. 

3.  Recycling  of  scarce  metab  such  as  platinum,  |>a|ladium, 
tantalum,  aiul  tungsten  will  be  a  practical  necessity,  no  matter 
which  of  the  engine  alternatives  is  adopted. 
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TftW*  IV.  Impact  du«  to  various  angina  typas.  ($  X  10*) 
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Mi 
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RCE 

V 

325 

•661 

1224 

1549 

*  Chromiani.  ntcMI.  eoboK.  tvnpttan.  nkpikim.  tantolum. 

b  0.gt  to  0.2  (Tr  01)  por  angina;  aaowmaO  to  ba  bait  puUnutn  and  baK 
pabaPiiMW. 

*  M  incraaaa  or  dacraaaa  i*  importad. 


PaWqr  l■pl^cg^lil^ 

There  are  wvara}  msior  areas  where  government  policy 
should  be  developed  to  minimise  pombla  ariverse  impacts 
of  a  vehicular  power  plant  substitution,  at  lea.st  if  such  a 
substitution  brought  about  as  a  result  of  Federal  interven* 
tioR.  These  areas  are  as  follows : 

Pne»P9licy.  In  the  event  that  a  technological  substitution 
involves  inice  increases  of  the  order  of  more  than  a  few  per¬ 
cent,  efforts  should  be  made  to  spread  the  increase  over  several 
years.  Otherwise,  significant  non-recoverable  sales  losses 
are  likely  to  occur.  This  would  require  high  level  cowdirta- 
tion  among  executive  agencies,  including  EP.A  and  the  Price 
Oxnir.ission  (assuming  the  tatter  is  still  in  being). 

SchedblMg  /•  Avoid  Dioruptin$  Inter-Model  Competition. 
It  is  critioJly  important  that  no  fiiuincial  incentive  should 
exist  for  any  firm  to  slow  down  or  hold  bade  in  its  efforts, 
should  a  conversion  pre^Eram  be  undmtaken  as  a  result  of 
Federal  pressure.  To  accrnnpllsh  this,  iwlicies  should  be 
developed  to  ensure  that  c<msamen  on  neutral  (or  favorable) 
to  the  technoh^fcaJ  sJiift.  This  may  conceivably  require 
subsidies  or  otW  devices  to  compensate  for  engine-reUted 
price  differentials  between  models.  To  accomplish  this  pur- 
{XMe,  uniform  introduction  of  LEA  engines  for  all  vdiicles 
sold  in  specific  regions  of  the  country  might  be  advisable. 

2I« 


grhsdiitii^  Is  Avoid  Somn  Employmont  Dislnmlisw  (espe¬ 
cially  in  engine  jdanta).  To  aecomi^uh  actoai  production- 
Ikto  eonvegaioB  in  a  few  yean  while  retaining  die  existing 
labor  force  aufastantiaUy  intact  will  require  very  precise  co- 
ordinetioQ  of  all  pre-production  aetivitieB,  induding  plant 
eonetntelien  and  meehine  tool  dea^  and  itroductioQ.  LHs- 
niption  of  the  schedule  at  any  point  ooukl  have  serious  con- 
sequseeei  both  for  vehicle  manufacturers  and  their  enqdoyees, 
as  wed  as  ontoade  aupphets^  dealers,  ete.  Hence,  in  t^  event 
of  a  fedcrally-inducad  conversion,  every  effort  should  be  inede 
to  not  only  among  &ms  also  among  various 

labor  uaiona  affected. 

ffiVrwiaing  qf  IFsrhsrs  wHk  ObooUoeont  SkUU  (E^eeioUp  ta 
the  kopmr  Soeke).  A  rapid  changeover  of  engine  {woduction 
woidd  probably  isault  in  a  agnifi^t  number  of  early-model 
teohnicid  problema  requiring  adjustment  or  rqmir.  In 
action,  it  would  ensure  a  turnover  6L  the  entire  vdiiele 
population  over  a  period  of  12  yean  or  so,  reeulting  in  rapid 
build-up  of  requirements  for  skills  ^pro)>riete  to  the  new' 
enipne.  This  proMem  is  most  scute  in  the  case  of  the  RFT, 
anee  repair  and  nmintanance  labor  requirements  are  sub¬ 
stantially  hidtor  than  for  the  current  engiiM  (OC-70).  A 
shortage  of  skilled  repairmen  would  have  very  ath'erse  ef¬ 
fects  on  consumers.  To  ensure  the  availability  of  the  new 
skills  over  such  a  short  period  would  ver>'  jMssibly  involve 
governmental  inter\'entton,  if  not  direct  assistance  of  some 
sort. 

Reeydin§  qf  iSooree  .Volrnials.  All  low  enussion  engines 
sriil  require  substantially  increased  consumption  of  one  or 
more  relativ'ely  scarce  metoL<<.  To  avoid  .serious  suppl.v 
bottlenecks,  umiue  dependence  on  foreign  producers,  and 
possible  sharp  inrrea.ses  iu  price,  a  total  recycling  plan  should 
be  ileve)o|ied  beginning  at  the  earliest  iMssible  moment. 
Such  a  )>lau  must  ))articulariy  address  the  problem  of  recover¬ 
ing  worn-out  )iarts  utilising  scarce  materiaU  from  dealers, 
reimir  shops,  and  junkyanls.  Normal  market  forces  cannot 
be  ex))ect^  to  bring  about  the  nei’essary  amount  of  sorting 
and  recycling,  because  of  lack  of  functional  integration  of  the 
raw  material,  production,  and  wa.ste  materials  sectors,  and 
because  of  e.visting  |)oiicies  favoring  the  ase  of  virpn  mate¬ 
rials  as  opposed  to  sccondaiy  materiak*  (e.g.,  di.'^riminatory 
freight  rates,  mineral  depletion  alloaanres,  etc  ).  To  bring 
about  a  high  degree  of  recycling,  on  the  other  hurnl.  it  may  lie 
neceseaiy  to  design  com}>onents  for  easy  se|>aration  of  metals, 
establish  standards  of  comiMtdeion,  d^gn  heavy  equi)>ment 
for  efficient  sorting  ami  compacting,  ami  jxissibly  require 
dealers  and  repair  facilities  to  Iw  liemsed,  with  regular  re- 
tunts  of  scrap  ami  wont-out  iwrts  to  a  central  de|)Ot  being  a 
condition  of  retaining  their  lirenseK. 

The  policy  implication  td  a  spmitaneous  (industiy-initiated) 
convent!)  are  rather  different  simply  because  such  a  change¬ 
over  would  jMohably  occur  much  less  rapidly.  Priee-felatetl 
problems  would  he  eliminated,  es!<entially  by  definition.  The 
problems  of  scheduling  and  retraining  labor  in  this  case  aould 
be  far  less  severe,  (^vemment  intervention  might  not  be 
needed  at  all,  or,  if  it  were,  existing  {}rop;roms  might  selJ  be 
adequate.  The  materials  recycling  ]>roblem,  however,  would 
be  all  the  more  difficult  to  solve  if  the  conversion  occurred 
without  explicit  Federal  pressure,  due  to  lack  of  coordinated 
planning  among  the  sectors  involved . 


This  work  was  performed  by  International  Research  A 
Technology  Corp.  under  Contract  DOT-OS-20003  for  the 
r.  S.  Department  of  Transportation.  Subcontractors  on  the 
jmiject  were  Jack  Fawcett  Asttociates  and  I'nited  Aircraft 
Research  Laboratories,  ('onclurious  of  the  study  are  the 
sole  resiwnribility  of  the  autliors  and  do  not  necessarily  re|>' 
resent  toe  views  of  the  ]>epartment  oS  Tran^rtetKm. 
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Mr.  Bbowk.  Mr.  Winn  ? 

Mr.  WiKK.  In  the  interest  of  time,  I  may  have  some  questions  which 
I  would  lihn  to  suUnit  in  writing  to  Mr.  Ayres.  But  I  would  like  to 
ask  one  thing  on  Ute  fnmt  page  of  your  testimony.  I  think  you  make 
a  pretty  strong  statement  here  wh^  you  say,  “However,  I  do  most 
emphatically  believe  there  is  an  overriding  public  interest  in  tl^  mat¬ 
ter  and  that  the  autcMncdve  industry  ns  presently  constituted  in  ^e 
United  States  has  little  incentive  or  will  to  develop  technology  s^r- 
natives  to  the  internal  cmnbustion  migine.”  How  would  you  suggest 
we  in  Congressput  more  pressure  on  th^l 

Dr.  Anns.  Well,  1  think  the  best  way  is  by  devising  relatively  im- 
persm^  incentives.  The  Clean  Air  Act,  for  example,  did  apply  certain 
motives  in  one  direction.  I  think  Congressman  Yanik%  proposal 
with  regard  to  an  excise  tax  that  would  be  related  to  fuel  economy  is 
a  very  pnmiising  kind  of  an  approach.  In  general,  it  would  be  my 
philos(^hy  to  seek  incentives  ttot  can  be  implied  m  an  impersonal 
way  without  trying  to  control  the  decisionmaxing  process  in  the  in- 
dui^ry  throu^  dir^  regulation. 

Mr.  WiKN.  Practically  all  of  the  witnesses  have  said  that  they  don’t 
think  the  Federal  Govemmwt  should  become  too  deeply  involved  in 
this! 

Dr.  Atbzs.  Tlie  Federal  Government  is  deeply  involved.  There  is 
no  mtting  away  from  that 

Mr.  Winn.  As  far  as  controlling! 

Mr.  Atses.  The  question  is  how  should  the  involvement  be  struc¬ 
tured.  I  think  it  should  occur  by  design,  not  just  happen,  as  it  were, 
by  accident.  If  passible,  the  optimum  way  for  tine  Federal  Government 
to  influence  any  industry  is  by  creating  an  impersonal  financial  incen¬ 
tive  to  act  in  ways  compatible  with  the  public  interest.  I  would  sug¬ 
gest  tbat  the  Vanik  bill  is  an  example  of  such  a  thing.  I  think  there  are 
some  questions  with  respect  to  that  bill,  but  they  are  technical  in  nature. 

Mr.  Bbown.  Would  you  be  willing  to  respond  to  written  inquiries 
from  the  committee  in  view  of  the  shortness  of  the  time  we  have  here 
this  morning?  Do  you  have  any  questions? 

Mr.  SnciNOTON.  No. 

Mr.  Brown.  Thank  you  very  much  for  your  testimony.  I  think  it  has 
made  a  real  contribution  to  our  general  understanding  of  our  problem. 
We  will  be  back  in  touch  with  you. 

Our  final  witness  today  is  Dr.  John  Steinbruner,  an  associate  pro¬ 
fessor  of  public jrolicy,  John  Fitzgerald  Kennedy  School  of  Govern¬ 
ment,  Harvard  University.  Mr.  Steinbruner  is  a  coauthor  of  a  recent 
book  entitled,  “Clearing  the  Air:  Federal  Policy  on  Automobile  Emis- 
dons  Control.” 

We  welcome  you,  Dr.  Steinbruner,  and  we  apologize  for  the  delay 
that  has  prevented  you  from  appesnng  earlier,  and  we  invite  you  to 
proceed  with  your  testimony. 

[A  biograpnical  sketch  of  Mr.  Steinbruner  follows:] 
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Dr.  SnsKBRUNZB.  My  name  is  John  Stembniner.  I  am  associate  pro¬ 
fessor  of  public  policy  at  Harvard  Univermty  and  assistant  director  of 
the  pit^ram  for  science  and  international  affairs.  I  would  like  to  testify 
on  H.B.  10892  baaed  on  research  I  have  conducted  witii  Henry  Jacoby, 
professor  of  fnana«mnent  at  M.I.T.,  and  a  number  of  students  at  Har¬ 
vard.  That  research  focused  on  the  problem  of  achieving  thn  automobile 
emissions  standards  required  by  the  Clean  Air  Act  as  amended  in 
1970.  The  major  results  of  the  research  have  been  publuhed  in  a  book 
entitled  Clearing  the  Air  by  Ballinger  Press  of  Cambridge  in  1978. 
I  have  submitted  to  the  subcommittee  an  article  summarizing  the  main 
technical  argument  of  the  book;  namely  that  the  development  of  an 
alternative  automobile  propulsion  technology  is  economicaUy  desira¬ 
ble,  if  the  established  emission  standards  are  to  be  achieved. 


I 


528 

SALVAGING  THE  FEDERAL  ATTEMPT  TO 
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In  the  1970  amendments  to  the  Clean  Air  Act  the  United  States 
has  embarked  on  a  major  adventure  in  government  regulation. 
The  amendments  mandate  drastic  reductions  in  the  air  pollutants 
emitted  by  automobiles,  and  require  that  they  be  achieved  by  the 
1975  and  1976  model  years.  These  regulations  strike  at  one  of 
American  society’s  fundamental  technologies  and  impose  strict 
discipline  on  its  largest  industry.  More  than  10  percent  of  the 
United  States  Gross  National  Product  is  generated  by  the  pro¬ 
duction,  fueling,  and  servicing  of  the  internal  combustion  engine 
(or  1C£)  in  its  automotive  application,  and  the  associated  social 
and  political  forces  are  commensurately  large.  The  enactment 
of  this  legislation  over  the  opp<»ition  of  the  automobile  industry 
was  an  impressive  display  of  public  resolve,  and  the  fact  that  the 
industry  is  now  actively  working  to  comply  is  a  major  victory  for 
the  public  interest. 

Unfortunately,  the  regulatory  mechanisms  set  up  in  the  Clean 
Air  Act  are  too  primitive  for  the  complex  technical  and  manu¬ 
facturing  processes  to  which  they  have  been  applied.  Unless 
adjustments  are  made  the  results  are  likely  to  be  unhappy.  Under 
the  current  policy,  consumers  and  taxpayers  will  pay  an  unneces¬ 
sarily  high  price  for  the  emission  reductions  that  are  actually 
achieved,  and  even  then  the  objectives  set  in  the  legislation  will 
not  be  met. 

The  underlying  difficulty  has  to  do  with  the  relationship  be¬ 
tween  the  emission  standards,  the  short  deadlines,  and  the  state 
of  the  art  of  automotive  technology.  In  essence  the  emissions 
standards  force  conventional  internal  combustion  engine  designs 
against  severe  natural  limits.  Controlling  the  conventional  ICE 
to  the  levels  now  required  will  require  sharply  increased  manu¬ 
facturing  and  op)erating  costs  and  noticeably  reduced  performance 
on  the  road.  In  order  to  avoid  these  severe  trade-offs  it  would  be 
necessary  either  to  introduce  an  entirely  different  automotive 
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technology  or  to  make  fundamental  changes  in  the  design  of  the 
internal  combustion  engine.  Promising  alternatives  are  known 
to  the  scientific  community,  but  the  manuburturers— who  are  finan¬ 
cially,  technically,  and  even  psychologically  committed  to  conven¬ 
tional  engines— have  focused  almost  all  of  their  technical  efforts 
on  the  standard  ICE.  They  have  been  reinforced  in  this  behavior 
by  the  1975  and  1976  deadlines,  since  it  is  unlikely  that  any  of 
the  alternative  technologies  could  be  prepared  for  mass  production 
by  that  time  under  ccmstraints  on  cost  and  effort  generally  accepted 
as  legitimate.  The  result  is  an  abatement  program  that  to  date 
is  based  almost  exclusively  on  marginal  adjustments  and  bolt-on 
additiom  to  the  conventional  ICE. 

With  the  pursuit  of  pollution  control  effeaively  constrained 
within  a  relatively  narrow  and  unpromising  technical  area,  four 
serHHis  problems  arise: 

1.  Approaching  the  1975/76  ^ndards  with  a  controlled  ICE 
is  likely  to  be  expensive,  not  only  in  initial  manufacturing  cost, 
but  also  in  terms  of  fuel  and  maintenance  expenditures. 

2.  Despite  this  expense  there  is  a  good  chance  that  the  con¬ 
ventional  ICE  cannot  meet  the  1975/76  standards,  even  by  the 
late  1970s. 

3.  Even  if  the  standards  are  met  under  the  current  official  defi¬ 
nition  (which  involves  emissions  tests  on  prototype  vehicles), 
emission  rates  on  the  road  are  likely  to  be  highly  unstable.  That 
is,  the  average  embsions  of  the  actual  vehicle  population  can  be 
expected  to  be  significantly  higher  than  the  average  emission  rate 
calculated  on  the  basis  of  official  test  procedures. 

4.  Control  a  highly  unstable  technology,  once  it  is  in  the 
hands  of  users,  would  require  elaborate  federal  and  state  enforce¬ 
ment  machinery.  Such  an  effort  would  involve  govermnental 
surveillance  and  regulation,  potentially,  of  tens  of  millions  of 
individual  polluting  units  and  tens  of  thousands  of  firms  in  the 
service  industry.  Sudi  systems  would  be  expensive  to  set  up, 
and  their  value  in  actually  contributing  to  cleaner  air  is  highly 
questionable. 

Moreover,  under  this  policy  the  natural  course  of  events  will 
run  to  the  relative  advantage  of  the  automobile  manufacturers. 
The  cost  of  producing  automobiles  will  increase  by  a  significant 
amount,  but  the  in(^try  has  sufficient  financial  flexibility  to 
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avoid  disrupticm  of  the  market  for  new  cars.  The  major  costs  (rf 
emission  control  promise  to  arise  from  increased  fuel  consump- 
tion  and  maintenance,  and  these  are  costs  that  fall  on  the  consumer 
after  he  has  purchased  the  car.  Ctmsumer  wrath  at  these  costs  is 
as  likely  to  be  directed  against  the  government  as  against  industry. 
Further,  in  the  event  that  the  manufacturers  fail  to  meet  the 
standards,  clearly  it  is  the  government  that  will  have  to  yield. 
The  demonstiable  benefits  to  be  gained  from  controlling  auto¬ 
mobile  emissions  to  the  low  levels  required  are  not  great  enough 
to  justify  the  immense  economic,  social,  and  political  costs  of  a 
halt  in  automotive  production.  That  enforcement  device,  the 
only  one  available  at  the  moment,  is  like  the  hydrogen  bomb— too 
damaging  for  use  against  moderate  provocations. 

Political  forces  awakened  by  the  Clean  Air  Act  will  force  a 
continuing  reconsideration  of  its  provisions,  and,  given  the  diffi¬ 
culties  of  the  policy  established  in  the  act,  the  government  ought 
to  welcome  the  opportunity  to  think  more  deeply  into  the  issue. 
Three  basic  options  have  gained  enough  support  that  they  effec¬ 
tively  define  the  context  of  debate.  The  first  of  these  is  to  per¬ 
severe  in  the  established  policy  in  the  expectation  that  the  critical 
technical  parameters  will  eventually  yield  to  a  steadfast  public 
will.  The  second  is  to  relax  the  emissions  standards,  ihereby 
accepting  levels  of  pollution  hi^er  than  those  envisaged  in  the 
legislation  but  preserving  the  conventional  automobile  engine 
and  realizing  substantial  cost  savings.  The  third  is  to  adjust  the 
policy  to  ensure  serious  preparation  of  an  alternative  engine 
technology.  This  is  likely  to  involve  an  adjustment  of  the  estab¬ 
lished  deadlines  and  the  creation  of  a  package  of  new  incentives 
and  regulatory  devices. 

Despite  great  uncertainties,  the  relative  merits  of  these  options 
do  admit  of  serious  analysis.  In  our  view  the  results  of  that 
analysis  support  the  third  option,  and  thus  suggest  the  need  for 
a  major  change  in  government  policy  in  order  to  promote  rather 
inan  retard  the  development  of  inherently  low-polluting  auto¬ 
motive  technology.^ 


1  ThU  analysis  is  based  on  a  larger  study.  Federal  Policy  on  Automolwe  Emissions 
Control,  carried  out  as  a  joint  effort  of  die  Environmental  Systems  Program  and 
the  John  F.  Kennedy  Institute  of  Politics,  Harvard  University,  and  sponsored  by 
the  National  Science  Foundation  and  the  Ford  Foundation. 
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I.  History  of  the  Legislation 

The  1970  legislation,  which  esublished  the  current  policy,  was 
very  much  the  product  of  the  20-year  history  of  the  auto  pK>llution 
question.  The  issue  itself  arose  in  1950,  when  studies  at  the 
^lifomia  Institute  of  Technology  first  clearly  associated  auto¬ 
mobile  emissions  with  smog  in  the  Los  Angeles  basin.  It  was 
discovered  that  photochemical  reactions  involving  hydrocarbons 
and  oxides  of  nitrogen  in  the  presence  of  sunlight  produce  a 
number  of  compounds  which  are  irritating  and  potentially  dan¬ 
gerous  to  sensitive  human  tissue,  particularly  lungs  and  eyes. 
Shortly  thereafter  the  Los  Angeles  Air  Pollution  Control  District 
began  encouraging  the  automobile  companies  and  the  state 
government  to  take  corrective  action. 

In  these  early  days  the  manufacturers  rep>eatedly  rejected  the 
ctmtention  that  automotive  emissions  were  a  problem.  Never¬ 
theless  they  did  set  up  a  study  group  within  the  Automobile 
Manufacturers  Association  to  conduct  research  and  exchange 
technical  information.  And  in  1954  they  reached  a  cross-licensing 
agreement  among  themselves  which  provided  for  general  use, 
without  royalties,  of  any  air  pollution  control  equipment  de- 
velop)ed  by  any  of  the  auto  manufacturers. 

The  first  federal  legislation  came  in  1955  with  PL84-159, 
which  provided  for  federally-spx>nsored  research  but  did  not  grant 
the  federal  government  any  enforcement  pwwers.  It  was  thus  left 
to  California  to  pass,  in  1961,  the  first  law  requiring  a  simple 
crankcase  control  device.  This  was  followed  in  1963  by  legislation 
requiring  exhaust  control  devices  on  vehicles  marketed  in  Cali¬ 
fornia  as  soon  as  two  devices  were  approved  by  the  State  Motor 
Vehicle  Control  Board.  The  automobile  manufacturers  at  first 
denied  that  they  had  any  such  control  technology  available.  But 
when  four  devices  submitted  by  independent  manufacturers  were 
approved  by  the  California  board  in  1964,  the  companies  an¬ 
nounced  that  devices  of  their  own  manufacture  would  appear  on 
new  cars  sold  in  California  beginning  with  the  1966  model  year. 
The  first  California  emissions  standards  were  then  imjrosed  in 
that  year. 

The  first  federal  enforcement  px)wers  were  established  by  the 
Clean  Air  Act  in  December  of  1963,  which  authorized  the  federal 
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government  to  convene  interstate  pollution  abatement  conferences 
and  in  some  cases  to  initiate  federal  suits  to  force  clean-up.  It  also 
provided  for  federal  grants  to  stimulate  research  and  to  increase 
state  pollution  control  activity,  and  it  specifically  mentioned  the 
need  for  further  attention  to  automotive  exhaust.  A  second  title 
to  the  act  was  passed  in  1965,  authorizing  HEW  to  set  emissions 
standards  for  automobiles  beginning  with  the  1968  model  year. 
A  year  later  HEW  announced  1968  sundards  roughly  identical 
to  those  that  had  come  into  effect  in  California  in  1966.  The 
impression  was  clearly  conveyed  that  the  federal  government  was 
assuming  enforcement  powers  slowly  and  reluctantly,  and  that 
federal  activity  was  lagging  behind  the  more  a^essive  California 
piY^ram. 

The  political  climate  which  ultimately  precipitated  the  strin¬ 
gent  emissions  standards  began  to  develop  in  1965,  when  Ralph 
Nader  published  his  famous  indictment  of  the  industry  for  safety 
defects  and  was  treated  to  a  personal  investigation  at  the  industry’s 
expense.  Seldom  has  an  attempt  at  intimidation  backfired  so 
spectacularly.  The  Nader  aifoir  led  to  a  dramatic  set  of  hearings 
in  which  the  President  of  General  Motors  was  forced  to  apologize 
to  Nader  in  front  of  a  Congressional  committee  and  a  national 
television  audience.  Serious  and  lingering  damage  was  done  to 
the  political  credibility  of  the  automobile  manufacturers,  and  this 
was  soon  compounded  by  allegations  concerning  their  handling 
of  the  air  pollution  problem  itself.  In  January  the  Los  Angeles 
County  Board  of  Supervisors  requested  the  Attorney  General  to 
investigate  collusion  by  the  industry  to  withhold  pollution  control 
equipment.  The  Board  of  Supervisors  charged  that  the  committee 
of  the  AMA  set  up  to  conduct  joint  research  was  in  fact  a  collusive 
arrangement  to  prevent  the  introduction  of  controls.  They  cited 
the  package  of  control  devices  developed  by  Chrysler,  but  kept  off 
the  market  until  California  legislation  forced  its  introduction, 
as  evidence  that  industry  developments  were  being  suppressed 
rather  than  prt^gated.  The  resulting  Justice  Department  inves¬ 
tigation  ended  in  a  consent  decree  in  1969  providing  for  an  end 
to  the  conspiracy  without  officially  conceding  its  existence.  This 
incident  unquestionably  added  to  the  public’s  impression  of 
recalcitrance  and  bad  faith  on  the  part  of  the  industry. 

In  1970,  the  political  forces  supporting  stronger  emission  con- 
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trols  finally  became  overwhelming.  The  press  discovered  the 
pollution  issue  and  began  to  raise  public  consciousness.  NBC 
Ner/s  showed  filmdips  of  diseased  trees  over  100  miles  from  Los 
Angeles.  The  New  York  Times  added  a  spedal  reporter  for 
environmental  affairs,  and  he  and  others  like  him  soon  announced 
that  environmental  protection  was  the  coming  issue  on  American 
campuses.  Earth  Day  was  proclaimed  on  April  22.  and  well-pub¬ 
licized  nationwide  activities  called  for  stronger  pollution  control 
measures.  Ralph  Nader’s  Center  for  the  Study  of  Responsive 
Law  published  a  well-timed  report  on  air  pollution  attacking 
both  the  automobile  industry  and  Senator  Edmund  Muskie  as 
chairman  of  the  Senate  Subcommittee  on  Air  and  Water  Pol¬ 
lution.® 

The  attack  by  Nader’s  study  group  stung  Muskie,  then  a  pre¬ 
sidential  hopeful.  It  threatened  him  in  an  area  where  he  had 
established  a  strong  public  reputation,  and  caught  him  at  a  time 
when  he  was  being  pressured  from  several  sides.  President  Nixon 
had  sent  a  message  to  Congress  in  February  calling  for  a  90  per¬ 
cent  reduction  in  emissions  standards  by  1980  and  proposing 
federally-sponsored  research  on  low-polluting  automotive  technol¬ 
ogies.  Whatever  the  President’s  actual  intentions  were,  it  looked 
very  much  like  a  deft  political  finesse  on  a  major  developing  issue. 
Moreover,  Senators  Gaylord  Nelson  and  Henry  Jackson  were 
issuing  proposals  for  environmental  protection  which  threatened 
Muskie’s  jurisdiaion  over  the  issue.  In  August,  Nelson  intro¬ 
duced  a  bill  bluntly  banning  the  internal  combustion  engine  by 

1975.  Later  that  month,  in  the  midst  of  a  p>ollution  incident  on 
the  East  coast  and  with  a  transcontinental  Clean  Car  Race  in 
progress,  Muskie  took  Nixon’s  standards  and  Nelson’s  deadline 
and  fashioned  his  own  program. 

The  result  was  the  National  Emissions  Standards  Act,  enacted 
in  December  1970  as  Title  II  of  the  Clean  Air  Act  as  amended 
in  1970.  It  established  emissions  standards  for  hydrocarbons 
(HC)  and  carbon  monoxide  (CO)  for  new  cars  in  1975,  and  an 
additional  standard  for  oxides  of  nitrogen  (NO,,)  to  be  met  in 

1976.  These  new  standards  are  to  constitute  a  90  percent  reduc- 

2  The  Nader  study.  Vanishing  Air  (New  York:  Grossman,  1970) ,  was  written 
by  a  team  headed  by  John  Esposito.  It  provides  a  spicy  account  of  events  up 
through  the  1960s. 
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ti<m  below  1970  and  1971  levels  respectively.  (Administratively, 
these  standards  have  since  been  specified  as  0.41  gm/mi  HC,  3.4 
gm/mi  CO,  and  0.4  gm/mi  NO,.)  It  also  enables  the  federal 
Environmental  Protection  Agency  (EPA)  to  carry  out  certification 
tests  to  confirm  compliance,  to  conduct  research,  to  establish  fuel 
regulations,  to  require  and  enforce  warranties  from  auto  manu- 
faaurers,  and  to  certify  and  subsidize  on-the-road  inspection  and 
testing  programs.  For  violations  of  the  emissions  standards,  the 
act  imposes  a  fine  of  $10,000  per  vehicle;  this  is  the  provision  that 
would,  in  effect,  halt  automotive  production. 

The  particular  history  of  this  legislation  affects  the  current 
situation  in  two  critical  ways.  There  remains  serious  ambiguity 
concerning  the  intent  of  the  act,  and  there  is  great  difficulty  in 
stimulating  the  development  and  adoption  of  advanced  automo¬ 
tive  technologies.  These  problems  can  be  traced  to  the  forces 
that  produced  the  1970  amendments,  and  they  are  important 
elements  of  the  context  in  which  implementation  of  the  Clean 
Air  Act  must  proceed. 

First,  there  is  the  ambiguity  regarding  the  intention  to  be 
imputed  to  the  emission  standards.  From  one  angle,  this  legis- 
laticm  can  be  understood  as  an  effort  by  Congress  and  in  particular 
by  Senator  Muskie  and  his  subcommittee  to  exert  pressure  on 
the  obvious  political  targets  by  means  of  legislation.  The  Con¬ 
gress  was  moved  to  do  something  forceful  on  behalf  of  the 
environment,  and  the  automobile  manufacturers,  indisputably 
responsible  and  politically  vulnerable,  were  an  obvious  target. 
The  aa  clearly  “got  tough”  with  them,  by  means  of  stringent 
standards,  tight  deadlines,  provisions  requiring  them  to  supply 
data,  and  language  requiring  a  good-faith  effort  to  comply  regard¬ 
less  of  the  technical  difficulties  involved.  The  Executive  Branch, 
controlled  by  the  rival  party,  was  another  obvious  target,  vul¬ 
nerable  because  of  a  sluggish  record  on  enforcement.  Congress 
embarrassed  it  by  removing,  through  unusually  explicit  provi¬ 
sions,  most  of  its  administrative  discretion  in  enforcing  the  act. 
The  over-all  tone  of  the  legislation  is  that  of  forcing  a  reluctant 
administrator  and  a  resisting  industry  to  act  promptly. 

Ironically,  this  is  precisely  the  interpretation  now  favored  by 
the  automobile  industry.  Since  the  manufacturers  are  in  no  posi¬ 
tion  to  refuse  to  comply  with  the  legislation,  what  they  now  want 
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is  to  minimize  the  disruption  to  their  normal  business  which 
compliance  will  entail.  They  have  substantial  and  well-advertised 
efforts  under  way  to  develop  control  devices,  and  they  clearly  hope 
that  these  efforts,  rather  than  actual  achievement  of  standard, 
will  be  construed  and  accepted  as  compliance.  In  order  to  define 
compliance  in  this  way,  the  standards  must  be  interpreted  as  a 
first  approximation  by  Ckmgress,  whose  intent  was  not  necessarily 
an  actual  90  percent  reduction  but  only  achievement  of  the  lowest 
emissions  levels  that  are  technically  “reasonable.”  The  prepon¬ 
derant  technical  (pinion  is  that  the  technically  reasonable  rates 
wtHild  be  less  stringent  than  those  associated  with  the  90  percent 
reduction  objective.* 

The  oppoung  interpretation  of  the  act  holds  that  the  exact 
value  of  the  90  percent  objective  is  of  real  social  significance. 
The  figure  can  be  associated  with  calculations  of  the  amount  of 
reductitm  necessary  to  ensure  that  ambient  air  conditions  in  all 
American  cities  would  remain  below  levels  associated  with  adverse 
health  effects.  These  calculations  are  presented  in  the  legislative 
history.*  If  the  calculations  are  correct,  then  a  failure  to  meet 
the  standards  would  damage  the  health  of  a  significant  element 
of  the  general  population,  and  a  relaxation  of  the  standards  would 
be  much  harder  to  justify. 

This  question  of  interpretation  is  destined  to  be  hotly  con¬ 
tested  as  implementation  of  the  policy  proceeds.  Not  only  is  the 
legislative  history  ambiguous,  and  the  emissions  reduction  gen¬ 
uinely  difficult  technically,  but  the  validity  of  the  calculations  used 
to  justify  the  90  percent  objective  also  are  open  to  question.  The 
atmospheric  processes  that  link  emissions  to  levels  of  pollution 
in  the  air  are  as  yet  poorly  understood.  The  effects  of  automotive 
pollutants  at  ambient  concentrations  are  extremely  subtle  and 


3  For  example,  see  National  Academy  of  Sciences,  Semiannual  Report  by  the 
Committee  on  Motor  Vehicle  Emissions  to  the  EFA  (Washington,  D.C.,  January 
1,1972). 

^The  specific  figure  of  90  percent  was  givoi  in  an  analysis  by  D.  S.  Barth  and 
others  of  the  National  Air  Pollution  Control  Administration  (now  part  of  EPA) . 
Their  analysis  showed  that  a  90  percent  redaction  was  required  to  reduce  am¬ 
bient  concentrations  of  CO,  HC,  and  NO,  below  those  associated  with  adverse 
health  effects.  See  D.  S.  Barth,  et  al.,  “Federal  Motor  Vehicle  Emission  Goals  for 
CO,  HC,  and  NO,  Based  on  Desired  Air  Quality  Levels,*’  in  Air  Pollution  — 1970 
(Hearings  Before  the  Subcommittee  on  Air  and  Water  Pollution  of  the  Commit¬ 
tee  on  Public  Works,  U.S.  Senate,  91st  Congress,  2nd  Session;  Washington,  D.C.: 
Government  Printing  Office,  1970) .  Part  V. 
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inherently  difficult  to  measure.  Thus  the  dau  on  which  damage 
estimates  must  be  based  are  not  very  robust,  and  conclusions 
cannot  be  establidied  beyond  valid  scientific  doubt.'  The  resolu¬ 
tion  (rf  this  question— either  affirmatitm  of  the  90  percent  objective 
or  an  adjustment  for  technical  convenience— will  be  one  of  the 
central  issues  of  the  develt^ing  program. 

The  second  critical  theme  which  emerges  from  the  history  of 
the  emission  control  program  involves  the  development  of  auto¬ 
motive  technology.  In  1969  the  Office  of  Science  and  Technology 
formed  an  Ad  Hoc  Panel  on  Unconventional  Vehicle  Propulsion 
to  assess  the  possibilities  of  achieving  low  emissions  with  the  ICE 
and  to  compare  this  with  other  technologies.  The  panel  reported 
(ffikially  in  March  of  1970,  advancing  the  judgment  that  modifi¬ 
cations  of  conventional  engines  were  not  a  promising  route  to 
low  emissions  and  recommending  a  federal  program  to  develop 
an  alternative  technology  for  the  purpose  of  emissions  control.' 
The  recommendations  of  the  OST  panel  were  incorporated  in 
President  Nixon’s  message  to  Congress  on  environmental  quality 
delivered  in  February  of  1970,  where  he  announced  a  new  pro¬ 
gram  of  both  governmental  and  private-sector  research  on  ad¬ 
vanced  low-polluting  automotive  technologies.  The  result  was 
the  Advanced  Automotive  Power  Systems  (AAPS)  program  which 
was  placed  in  the  newly  organized  Environmental  Protection 
Agency.  The  program  included  funds  for  research  directly  com¬ 
missioned  by  the  government  and  funds  for  buying  prototype 
vehicles  developed  by  private  parties. 

In  accord  with  the  President’s  preferred  time  schedule,  officials 
of  the  AAPS  program  laid  out  a  plan  to  develop  steam  and  gas 
turbine  engines  for  production  in  1980.  In  terms  of  this  plan 
the  vehicles  would  be  in  early  prototype  stage  by  1975,  leaving 
five  years  to  solve  the  numerous  problems  involved  in  reorienting 
production,  marketing  arrangements,  service  facilities,  and  so  on. 
This  plan,  caught  up  in  the  larger  politics  of  the  issue,  never 
really  got  started.  The  1975  deadline  for  production  vehicles, 
which  Muskie’s  bill  imposed,  disrupted  the  time  schedule  and 

•  An  anatysu  of  thu  aspect  is  provided  by  W.  Ahern,  "Measuring  the  Health 
Effects  of  IMuctions  in  Automotive  Air  Pollution,”  Appendix  3  to  Federal  Policy 
on  AtUomotwe  Emissions  Control,  op.  at. 

•  Office  of  Science  and  Technology,  "Report  of  the  Ad  Hoc  Panel  on  Uncon¬ 
ventional  Vehicle  Pn^ulsion”  (internal  document;  Washington,  D.C.,  March  1970) . 
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caused  the  program  managers  to  chai^  their  ortenation.  Rather 
than  focusing  on  technical  develo|Hnent  as  such,  it  was  dmded 
that  the  program  should  be  used  as  another  device  to  force  (x>m- 
pliance  with  the  1975  and  1976  standards.  With  this  change  the 
program  lost  coherence  and  purpose  since,  within  the  tedinical 
constraints  imposed,  the  manufaaurers  undertook  much  larger 
efforts  on  their  own. 

Furthermore,  the  AAPS  program  was  not  funded  at  a  serious 
level.  Though  authorized  at  a  total  dt  $55  million  for  a  three-year 
period,  actual  appropriations  have  not  exceeded  $11  million  in 
any  year.  Probably  because  it  represents  the  President’s  initiative 
(and  certainly  because  they  do  not  trust  the  technical  competence 
of  the  EPA),  Congress  has  not  shown  any  enthusiasm  or  generosity 
toward  the  program.  Neither  has  the  Office  of  Management  and 
Budget,  which  has  cut  program  budget  requests,  aipiing  that  it 
is  the  industry’s  business  to  conduct  automotive  research.  The 
President,  outflanked  politically,  has  not  bothered  to  push  his 
initiative.  The  result  is  a  nominal  effort  whidi  can  be  cited  as 
evidence  of  federal  concern  whenever  there  is  pro-environmen¬ 
talist  political  pressure,  but  which  offers  no  serious  possibility 
of  accomplishing  the  development  of  a  marketable  alternative 
technology. 

The  conclusion  of  the  OST  panel  remains,  however:  If  the 
nation  wishes  to  reduce  automotive  emissions  by  anything  like 
90  percent,  then  it  had  best  change  its  automotive  technology  or 
at  least  contemplate  such  a  change.  As  the  analysis  below  will 
show,  that  conclusion  ought  to  be  taken  seriously.^ 


II.  The  Current  Technical  Situation 

In  order  to  analyze  the  various  policy  options  now  available,  it 
is  necessary  to  delve,  albeit  bri^y,  into  some  technical  aspects 
of  automotive  emissions  control.  There  are  fundamental  difficul¬ 
ties  in  holding  one  hundred  million  ICE-powered  vehicles  to 
close  emissions  tolerances,  and  it  is  important  to  understand  what 

TThe  latest  report  by  the  National  Academy  of  Sciences,  ideased  just  as  this 
analysis  goes  to  press,  supports  this  ooochisioii.  Sw  the  Report  of  the  Committee  on 
Motor  Vehicle  Emitsions  (Washington,  D.C.,  February  12,  197S) , 
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the  pKoblems  are  and  what  ocher  jMropuluon  tedinoU^es  may 
oCer  a  way  (Mit  «i  the  currmt  dikn^.* 

Dif^euUies  of  Emissions  Control 

In  essence,  the  c^ieration  of  a  conventional  spark-ignited  internal 
oosnbustion  engine  involves  a  series  of  contained  explosions.  Be¬ 
cause  of  the  physical  and  chonical  characteristics  of  combustion 
under  these  conditions  there  are  trade-<^  among  engine  per¬ 
formance  parameters  such  as  (1)  fuel  eemuHny.  (2)  emissions  of 
CO  and  HC,  (S)  emissions  NO,,  (4)  engine  performance  (i.e., 
pickup  and  top  speed),  (5)  vehicle  driveability  (including  the 
propensity  to  hesiute,  stall,  or  surge,  and  the  relative  ease  of 
starting  the  engine),  and  (6)  cost  manu^ture.  A  desirable 
change  in  tme  dimension— say  a  reduction  of  the  NO,  emission- 
rate— will  produce  unhivorable  changes  in  other  parameters,  other 
things  being  equal.  Thus  the  strong,  simultaneous  controls  on 
HC.  CO,  a;^  NO,  emissions  which  tb>?  Clean  Air  Act  mandates 
will  involve  inevitable  and  potentially  severe  costs  in  manufac¬ 
turing.  lost  fuel  economy,  and  reduced  vehicle  performance  and 
driveability.* 

These  technical  trade-db  strongly  affect  the  emission  control 
package  now  programmed  by  most  manufoaurers  for  their  1975 
and  1976  models.  In  1975,  the  controlled  vehicles  will  include 
a  system  for  leading  soiik  of  the  engine  exhaust  back  into  the 
carburetor  (normally  referred  to  as  exhaust  gas  recirculation  or 
£GR).  They  also  will  have  an  air  pump  and  thermal  reaaor, 
and  an  oxidizing  catalyst.  In  1976,  it  is  likely  that  a  reducing 
catalyst  will  be  added  and  the  degree  of  EGR  somewhat  reduced. 
These  devices  must  be  tightly  integrated  with  a  number  of  engine 
modificatitms,  such  as  changes  in  timing  and  air-fuel  mixtures, 

S  Ait  exodleot  revieir  oC  the  ICE  oiteioo  conttol  prabian  and  of  alternative 
techwdogiet.if  availatde  in  a  report  by  tbe  National  Abr  Ftdlution  Control  Admin- 
btratipn,  UjS.  Dept,  of  HeaHh,  Education  and  Welhxe,  Control  Technique  for 
Carbon  MonoiUa,  Mstogen  OxUe,  and  Mydmearbon  Bmitsiont  from  Mobile 
Sonreee  (NAFCA  PuUicaUm  No.  AP-dO;  Waabingtpn,  p.C.:  Government  Printing 
Office,  March  1970) . 

•  Indeed,  a  detoioration  in  vehicle  quality  is  already  evident  from  the  controls 
isn posed  qn  the  1971-19TS  modds,  as  can  be  seen  in  current  advertfaing  (particu- 
iBilf  lor  peoUOe)  that  ^aya  to  the  aaenniet’s  dhpleasiiff  with  lost  perforaiaaoe 
and  drivodtility. 


ivhidi  aie  requked  in  order  to  produce  the  proper  combustion 
characteristics.  The  operating  parameters  of  the  comroUed  oigine 
must  be  held  within  narrower  ikniu  than  is  the  case  with  un- 
somewfmt  lower  than  the  standards.  Unfortunately,  provisions 
amtroUed  engines,  and  this  retpiires  more  precise  production 
tolerances.  All  these  changes  contribute  to  increased  manu&c- 
ttwing  cost 

With  this  particular  control  padiage,  the  performance  of  the 
vehicle  is  affected  in  a  number  of  ways:  EGR  reduces  peak  cmn- 
busticm  temperatures  to  control  NO,  formation,  but  it  tends  to 
interfere  with  normal  combustion  and  to  cause  roughness,  stalling, 
and  stumUing  et  the  engine.  Additional  fuel  is  added  to  the 
combustion  nuxture  to  counteract  some  of  the  undesirable  effects 
of  EGR,  but  this  causes  greater  formation  of  HC  and  CO  and 
increases  fud.  consumption.  Thermal  reactors  and  catalytic  con¬ 
vertors  are  added  to  remove  residuad  HC,  CO,  and  NO,  from 
the  exhaust  stream.  These  cause  back  pressures  on  the  engine 
and  reduce  its  effective  power.  As  a  result,  the  c^dmal  settings 
of  engine  parameters  for  purposes  of  emission  control  are  different 
from  those  that  give  the  bot  fuel  economy  and  engine  perfor¬ 
mance.  The  controlled  engme  is  more  sensitive  and  osmplicated 
than  earlier  internal  combusticm  designs;  it  will  be  more  prone 
to  deterioratimi  of  performance  and  will  need  more  maintenance. 
Due  to  the  complexity  of  the  systems,  the  maintenance  will  be 
harder  to  perform. 

The  ‘’Stability”  Problem 

These  technical  trade^jffs,  combined  with  the  requirement  for 
tig^tter  production  tolerances  and  increased  maintenance,  make  it 
likely  that  the  controlled  ICE  will  not  be  in  suble  equilibrium  at 
tte  level  of  the  lff75/76  standards,  even  if  new  test  vehicles  do 
pass  the  federal  certification  procedure.  Emissiom  performance 
will  tend  to  deteriorate  over  time  and  Mrith  distance  travelled. 

Now  it  is  true  that  the  test  procedures  for  cmifying  compliance 
with  the  1975/76  standards  include  a  mechanism  for  limiting  the 
dqpee  at  deterimratkm  of  ocmtrolled  vehides.***  Prototype  vehides 

M  A  itady  of  fsSenI  tat  procSdtwa  ha  beat  prepared  by  M.  Weinstein  and  I. 

"Eoissinns  Meaturym^  mad  the  TwMog  of  New  Vdiida djspendix  1  to 
teaeral  Policy  on  Automotive  EnusAom  Control,  op.  cit. 
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must  be  run  for  50.000  miles  with  no  greater  than  normal  main¬ 
tenance  and  still  perform  within  the  standards.  In  effect,  this 
means  that  automobile  manubicturets  must  counteract  whatever 
intrinsic  deterioration  there  is  by  achieving  initial  emissitms  rates 
of  the  federal  certification  test  aure  not  proof  against  the  inherent 
dirtiness  of  conventional  internal  combustion  engines.  There  are 
several  reasons  why  vehicles  will  be  unstable  in  the  sense  that 
on-the-road  emissions  rates  will  rise  above  those  experienced  in 
the  prototype  test 

1.  The  de  facto  rate  of  deterioratitm  will  be  h^er  than  that 
accounted  for  under  the  federal  procedures  because  on-the-road 
driving  conditions  are  more  demanding  and  more  damaging  than 
those  simulated  in  the  prototype  durability  test.  Currently,  the 
50,000  miles  are  accumulated  by  the  manuhuxurers’  own  expert 
drivers  during  the  summer  months  at  35  mph  on  carefully  main¬ 
tained  test  tracks.  In  addition,  the  maintenance  that  vehicles 
receive  in  real  life  is  not  nearly  so  thorough  nor  so  competent 
as  that  given  the  prototype  test  vehicles  by  the  manufacturers’ 
expert  mechanics. 

2.  In  the  absence  of  elaborate  government  enforcement,  few 
motorists  will  perform  any  specific  air  quality  maintenance  at  ail. 
Most  vehicles  will  receive  the  maintenance  necessary  to  make 
them  run  well,  as  they  do  now,  and  this  will  tend  to  increase 
emissions  rather  than  reduce  them. 

3.  Because  emission  controls  reduce  engine  efficiency  and  per¬ 
formance,  there  is  a  significant  incentive  for  individual  owners 
to  disable,  disconnect,  or  remove  the  devices.  Many  motorists  will 
do  this  kind  of  tampering,  and  greatly  increased  emissions  will 
result. 

The  single  most  significant  element  of  the  stability  problem 
is  the  performance  of  oxidizing  and  reducing  catalysts.  If  the 
1975  HC  and  CO  standards  are  to  be  achieved,  the  oxidizing 
caulysts  must  remove  80  percent  or  more  of  the  pollutants  in  the 
exhaust  stream.  In  order  to  meet  current  federal  durability 
requirements,  this  efficiency  rate  must  be  maintained  for  50,000 
miles.  Unfortunately,  none  the  oxidizing  catalysts  tested  to 
date  has  been  able  to  achieve  50,000-mile  durability,  and  those 
in  the  accepted  range  of  efficiency  do  not  even  approximate  the 
required  p^ormance.  The  prospect,  then,  is  that  the  oxidizing 
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catalysts  will  have  to  be  replaced  periodically,  thus  adding  further 
burdens  to  the  maintenance  program.  For  the  reducing  catalyst 
which  may  be  used  to  control  NO,  emissions,  these  problems 
are  far  worse. 

In  addition  to  these  problems  of  normal  operation,  there  are 
many  conditions  that  cause  the  catalysts  to  fail  completely.  They 
can  be  deactivated  by  lead,  phosphorous,  or  sulphur.  Though 
lead  is  unlikely  to  be  a  problem  at  the  manufacturer’s  test  facility, 
it  presents  serious  difficulties  for  the  transition  period  on  the 
road,  when  leaded  gasoline  will  presumably  have  to  be  supplied 
for  older  vehicles.  Phosphorous  and  sulphur  also  can  do  damage, 
even  in  small  amounts,  and  thus  they  pose  a  problem  of  regu¬ 
lating  the  composition  of  fuel  and  lubricants.  Many  oxidizing 
catalysts  also  can  be  destroyed  by  excess  heat  generated  by  their 
own  operation.  The  reactions  which  oxidize  HC  and  CO  generate 
heat.  Thus  engine  mislirings,  rapid  acceleration,  heavy  loads  on 
the  engine,  or  any  other  driving  mode  which  puts  a  large  amount 
of  unbumed  fuel  into  the  exhaust  will  heat  the  caulyst  to  tem¬ 
peratures  at  which  many  catalysts  will  be  deactivated.  Once  again, 
these  events  are  unlikely  to  occur  under  prototype  test  conditions, 
but  they  are  inevitable  on  the  road.  Some  manufacturers  are 
planning  by-pass  valves  to  protect  the  catalyst;  others  will  simply 
allow  the  deactivation  process  to  occur. 

Since  ICE-powered  vehicles  are  likely  to  be  unstable,  consid¬ 
eration  must  be  given  to  measures  to  enforce  emissions  limits  on 
vehicles  on  the  road.  This  might  be  done  by  a  massive  inspection 
system  which  would  try  to  identify  high-polluting  vehicles  and 
send  them  back  for  mandatory  emissions-control  service  or  parts 
replacement.  If  tried  on  anything  approaching  a  nationwide 
scale,  the  task  would  be  a  staggering  one,  involving  the  individual 
inspection  and  regulation  of  tens  of  millions  of  individual  units. 
At  present  few  states  have  the  capacity  to  run  such  programs,  and 
political  opposition,  inertia,  indiiciency,  and  budget  constraints 
will  hinder  their  development.  Inevitably,  a  substantial  portion 
of  vehicles  will  escape  effective  enforcement. 

In  short,  projections  of  the  effect  of  various  emissions  control 
policies  must  include  some  estimate  of  the  instability  bictor. 
Forecasts  based  on  the  legislated  maximum  emissions  rate  are 
hopelessly  optimistic.  Likewise,  it  is  not  reasonable  to  assume 
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that  the  stability  problem  will  be  easily  cured  by  systems  of  in-use 
inspecticm  and  m^ntenance.  The  real  difiBculties  of  implementing 
such  large-scale  programs,  and  the  low  likelihood  their  even 
being  tried  in  most  states,  need  to  be  taken  into  account. 


Costs  of  Controlling  the  ICE 

There  have  been  several  studies  of  the  cost  of  attempts  to  meet 
the  emissions  standards  with  the  conventional  ICE.  Table  1  sum¬ 
marizes  the  estimates  of  expected  increases  in  manufacturing  cost 
and  fuel  consumption.  Looking  first  at  new  car  cost,  the  estimated 
increase  to  meet  1975  standards  for  CO  and  HC  (over  the  cost 
of  1973  vehicles)  is  between  $164  and  $214  per  car.  The  net 
increase  over  costs  of  uncontrolled  vehicles  (shown  in  ptarentheses) 
is  about  $100  more,  reflecting  the  controls  imposed  between  1967 


Table  1.  estimatzs  of  the  inceease  in  first  cost  and  fuel  consumption, 
OVER  1973  VEHICLES,  TO  MEET  1975  AND  1976  EMISSIONS  STANDARDS.  (NUMBERS 
IN  PARENTHESES  ARE  ESTIMATES  OF  INCREASES  OVER  UNCONTROLLED  VEHICLES.) 
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National  Academy 
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3%-12% 

of  Sciences  * 

(1814) 

Qiase  Econometric 

1164 

1269 

Associates* 

($247) 

($352) 

Esso  Research 
and  Engineering* 

5%-20% 

Chrysler  Corp.  * 

(30%) 

Gmieral  Industry 
Estimates* 

($245-500) 

(10%-26%) 

f  Semiannual  Report  ^  the  Committee  on  Motor  Vehicle  Emissions  to  the  ERA, 
January  1,  1972. 

^"raate  11  of  the  Eoononiic  liapactt  of  Meeting  Exhaust  Emission  Standards, 
1971-1980,"  December  1. 1971. 

*  Testimony  to  the  EPA  Auto  Emissions  Standards  Hearing,  May  1971. 

‘Private  interviews. 
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and  1973.*^  The  cost  to  meet  the  1976  sundards  (including  the 
stringent  controls  on  NO,)  is  between  $270  and  $400  per  car,  as 
compared  to  1973  vehicles.  For  an  annual  model  run  of  10  million 
cars,  the  total  increase  in  manufecturing  cost  enuiled  by  the  1976 
standards  would  range  between  $1  and  $4  billion  per  year. 

The  increase  in  fuel  consumption  caused  by  1975  and  1976 
emissions  controls  has  been  variously  estimated,  as  indicated  in 
the  two  rig^t-hand  columns  of  Table  1.  Our  analysis  uses  a  range 
of  values  from  5  to  20  percent  above  the  gas  consumption  of 
1973  vdikles;  it  indicates  that,  unless  technical  improvements 
are  achieved,  fuel  costs  will  be  increased  by  $1  to  $4  billion  per 
year  by  the  mid-1980s.^* 

One  of  the  primary  effects  of  emissions  control  procedures 
af^lied  to  the  ICE  is  that  the  engine  becomes  more  complex  and 
more  sensitive.  It  will  require  more  maintenance  just  to  keep 
it  performing  adequately,  let  alone  to  hold  its  emissions  close  to 
the  official  standards.  Only  the  roughest  guess  can  be  made  as 
to  the  actual  economic  costs  of  increased  maintenance,  but  it 
seems  reasonable  to  forecast  a  direct  maintenance  charge  on  the 
emission  control  program  of  $10  to  $20  per  car  per  year— in  essence 
this  is  1/4  to  1/2  the  cost  of  one  additional  visit  to  the  garage 
each  year. 

If  an  attempt  is  made  to  handle  the  technical  instability  of  the 
controlled  ICE  through  a  program  of  vehicle  inspection  and 
enforced  service  of  air  quality  devices,  this  will  add  at  least  $3 
per  car  tested.  The  mandatory  servicing  of  control  devices  on 
the  cars  that  fail  the  test  will  cost  in  the  neighborhood  of  $20  to 
$30  per  vehicle.  If  the  inspection  is  annual  and  roughly  a  third 
of  the  cars  fail,  then  the  enforcement  program  itself  could  cost 
over  $1  billion  per  year. 

When  all  these  items  are  added  together  the  total  cost  of  the 
abatement  program  is  impressive.  In  the  1980s  it  will  cost  from 
$4  to  $10  billion  per  year  to  control  emissions  from  the  con¬ 
ventional  ICE. 

rt  The  costs  of  controb  imposed  up  through  the  1973  model  year  are  sunk  costs 
and  are  not  included  in  the  analysb  of  future  policy  changes. 

rs  There  has  been  a  fuel  penalty  of  5  to  10  percent  as  a  result  of  controb  up 
through  1973,  but  again  thb  b  a  sunk  cost  and  b  not  included  in  the  analysb.  We 
assume  a  gasoline  price  (net  of  taxes)  of  1.25  per  gallon  and  a  base  fuel  economy 
of  15  tai/pL 


Alternative  Propulsion  Technologies 

The  high  cost  and  inherent  instability  of  the  tightly-controlled 
ICE  leads  one  to  look  for  alternative  means  of  propulsion  that  are 
less  polluting.  A  number  of  alternatives  exist,  the  most  prominent 
of  which  are  the  Wankel,  the  stratified  charge  ICE,  steam  and 
gas  turbine  engines,  electric  drive,  and  engines  that  run  on  various 
types  of  clean-burning  fuels.  All  of  these,  along  with  various 
hybrids,  are  sufficiently  different  from  the  conventional  ICE  to 
require  substantial  redesign  of  vehicle  components  and  produc¬ 
tion  processes.  Short  of  a  major  national  commitment  (much 
greater  than  anything  suggested  to  date),  such  an  effort  cannot 
be  accomplished  by  1976  or  1977.  If  intensified  developmental 
efforts  were  to  begin  in  1973,  however,  any  of  these  alternatives 
could  be  prepared  by  1980,  with  varying  degrees  of  confidence  in 
a  satisfactory  outcome. 

The  Wankel  Engine.  The  Wankel  engine  is  attractive  t  vuto- 
mobile  producers  quite  apart  from  its  emissions  characteristics. 
For  the  power  delivered  it  is  smaller,  lighter  in  weight,  and  has 
fewer  moving  parts  than  the  standard  ICE.  Since  the  structural 
weight  of  a  vehicle  is  related  to  the  weight  of  the  engine,  a  lighter 
engine  translates  into  savings  in  manufacturing  cost.  Moreover, 
Wankel  engines  can  be  constructed  in  modules,  offering  the 
promise  that  engines  of  different  size  can  have  the  same  basic 
design,  and  vary  only  in  the  number  of  rotors.  The  performance 
of  the  engine  compares  favorably  to  standard  ICEs  of  contem¬ 
porary  design.  The  major  problem  concerns  fuel  consumption, 
which  is  high  at  the  moment  and  appears  to  be  difficult  to 
improve. 

Unfortunately,  the  Wankel  is  not  especially  advantageous  from 
the  standpoint  of  emissions  control.  Because  of  the  elongated 
combustion  chamber  of  the  Wankel  engine,  there  will  be  more 
quenching  of  combustion  than  in  a  standard  ICE  and  hence 
greater  concentration  of  unburned  HC  in  the  exhaust.  Formation 
of  NOj  is  slightly  lower  in  the  Wankel  for  the  same  reason,  and 

18  “Quenching”  refers  to  the  phenomenon  whereby  combustion  is  retarded  along 
the  walls  of  the  cylinder  because  they  are  cooler  than  the  body  of  burning  gas. 
Thus  quenching  stops  combustion  short  of  completion  and  leaves  unbumed  hydro¬ 
carbons  in  the  exhaust. 
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because  there  is  a  certain  amount  of  exhaust  gas  recycling  inherent 
in  the  operation  of  the  engine.  Since  additional  EGR  cannot  be 
added,  however,  without  disrupting  engine  performance  unac¬ 
ceptably,  reducing  NO,  to  the  1976  standards  is  a  problem.  The 
Wankel  will  have  to  be  carefully  tuned  to  minimize  emissions 
formation  and,  as  with  the  standard  piston  engine,  these  adjust¬ 
ments  may  cause  significant  losses  in  fuel  economy  and  road  per¬ 
formance.  Thus  the  Wankel  engine  will  have  many  of  the  same 
stability  problems  as  plague  the  ICE,  and  will  be  even  more 
dependent  on  the  performance  of  catalysts  and/or  thermal  reac¬ 
tors  in  the  exhaust  stream.  If  control  devices  fail,  the  resulting 
HC  emissions  from  a  Wankel  will  oe  greater  than  from  a  stan¬ 
dard  ICE. 

Stratified  Charge  ICE.  The  Ford  Motor  Company,  under  con¬ 
tract  to  the  Army  Tank  Command,  is  working  on  an  engine  that 
cleans  up  the  internal  combustion  process  by  concentrating  fuel 
around  an  internal  ignition  point  and  maintaining  much  leaner 
mixtures  in  the  outer  portions  of  the  cylinder.  The  design  of  the 
cylinders  and  engine  block  is  a  significant  departure  from  that 
of  the  conventional  ICE.  Combined  with  catalysts,  a  prototype 
engine  of  this  sort  has  achieved  the  1975/76  emissions  standards 
over  short  durations.  The  principle  is  also  being  applied  to 
Wankel  engines. 

There  are  several  problems  with  the  Ford  stratified  charge 
engine  that  require  further  research  and  development.  It  requires 
very  precise  control  of  mixing  in  the  combustion  chamber,  and 
this  makes  it  more  complex  than  the  conventional  ICE  or  the 
conventional  Wankel.  Both  production  and  operating  tolerances 
have  to  be  tighter  than  with  current  vehicles.  It  would  therefore 
be  more  costly  to  produce  (potentially  |250-$,^50  per  car  more 
than  the  controlled  ICE).  It  also  might  be  less  stable  in  actual 
operation.  Emissions  would  increase  significantly  as  it  wandered 
out  of  tune,  and  tuning  for  best  emissions  control  may  be 
different  from  tuning  for  best  economy. 

More  encouraging  results  have  been  achieved  by  a  Japanese 
manufacturer,  Honda.  The  Honda  design  is  different  from  that 
of  the  Ford  engine,  in  that  it  involves  a  small  pre-combustion 
chamber  for  each  cylinder,  and  it  appears  to  be  both  more  durable 
and  less  costly.  As  yet  the  Honda  approach  has  been  tested  only 
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cm  mull  engines,  and  the  difficulties  of  adaption  to  the  standard 
American  car  are  not  yet  fully  known.  Clearly,  however,  the 
stratified  charge  engine  is  very  promising,  and  it  merits  more 
attention  than  it  is  now  receiving. 

Rankine  Cycle.  Rankine  cycle  engines  use  continuous  com¬ 
bustion  to  heat  a  working  fluid  (water  or  some  organic  solution) 
which  then  expands  against  pistons  (or  a  turbine)  to  produce  the 
work  required  to  propel  a  vehicle,  as  with  the  old  Stanley  steamer. 
Such  an  engine  has  several  attractive  features.  Relative  to  the 
ICE,  it  produces  high  torque  at  low  engine  speeds  and  thus  does 
not  require  a  complicated  transmission.  It  can  run  on  low  octane 
gasoline  as  well  as  on  less  refined  fuels,  such  as  kerosene.  Because 
the  fuel  is  not  exploded  it  is  a  quieter  engine.  It  also  is  extremely 
durable  and  would  require  less  maintenance  and,  presumably, 
less  frequent  replacement  than  an  ICE.  T.'  re  are  no  barriers 
to  mass  production,  and  such  engines  could  be  prepared  for  the 
automotive  market  at  a  cost  roughly  equal  to  the  tightly  controlled 
ICE  ($1200-$ 1300  p)er  unit  or  about  30  percent  more  than  the 
cost  of  current  engines).  Fuel  economy  (10-15  miles  pjer  gallon) 
promises  to  be  comparable  to  the  current  ICE. 

Rankine  engines  offer  stable  low  emissions.  Combustion  is 
more  complete  and  thus  the  engine  exhausts  far  less  HC  and  CO 
than  an  ICE.  Also,  the  gases  cool  less  rapidly  after  combustion, 
and  so  there  is  less  formation  of  NO^.  Even  without  sp>ecial  efforts 
to  control  emissions,  experimental  Rankine  engines  have  produced 
emissions  of  less  than  0.2  gm/mi  for  all  three  p>ollutants— less  than 
half  of  the  1975/76  standards  for  HC  and  NO,^  and  a  tenth  of 
the  1975/76  sundard  for  CO. 

The  traditional  disadvantages  of  the  Rankine  engine— freezing 
of  the  working  fluid  in  cold  weather,  slow  start-up,  danger  of 
boiler  explosion,  use  of  scarce  materials,  and  sheer  bulk— have  all 
been  either  eliminated  or  greatly  reduced  even  with  the  small 
amount  of  research  done  in  recent  years.  Organic  working  fluids 
now  being  tested  freeze  only  at  —  30°F.  There  is  no  boiler  as  such 
to  explode,  and  if  a  leak  should  develop  in  the  tube  where  the 
working  fluid  is  heated,  not  enough  would  escape  to  constitute 
a  hazard.  Start-up  times  are  now  down  to  30-40  seconds,  and  it 
is  doubtful  that  this  would  prove  much  of  an  inconvenience, 
particularly  since  starting  would  be  more  reliable  than  for  a 
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controlled  ICE.  At  the  moment  Rankine  engines  are  heavier 
than  the  ICE,  but  this  disadvantage  is  reduced  if  account  is  taken 
of  the  transmission,  which  is  h^vier  for  an  ICE-powered  vehicle. 
Recent  advances  in  condensers,  heat  exchangers,  and  expanders 
have  reduced  the  volume  of  the  engine,  which  will  now  fit  into 
the  smaller  model  lines  currently  on  the  market  (e.g.,  a  Ford 
Fairlane  or  a  Chevy  II). 

The  major  disadvantage  erf  the  Rankine,  as  with  any  radically 
different  alternative,  is  that  such  engines  are  not  now  in  use,  and 
therefore  the  technical  momentum  of  the  industry  works  against 
them.  Even  if  Rankine  technology  were  universally  acknowledged 
as  superior  (which  it  is  not),  there  would  be  difficulties  in  over¬ 
coming  the  well-established  commitment  of  the  industry  to  the 
ICE.  Though  their  durability  and  emissions  characteristics  may 
make  Rankine  cycle  engines  attractive  from  the  point  of  view  of 
the  motoring  public,  the  manufacturers,  faced  with  costs  of  reor¬ 
ganization  and  retooling,  are  inevitably  less  enthusiastic. 

Gas  Turbine.  The  gas  turbine  engine  is  an  automotive  adap¬ 
tation  of  the  technology  commonly  used  in  jet  aircraft.  It  has 
very  attractive  thermodynamic  properties,  and  yields  pKJwer  and 
energy  densities  (the  determinants  of  speed  and  range)  greater 
than  those  of  the  ICE.  Because  of  its  thermodynamic  characteris¬ 
tics,  and  because  the  aircraft  industry  has  given  it  an  independent 
(and  conceivably  competitive)  base,  the  gas  turbine  has  long 
received  a  significant  amount  of  attention  from  the  automobile 
manufacturers.  Apart  from  the  ICE,  it  is  the  alternative  with 
which  the  industry  is  most  familiar  and  the  one  (at  least  until 
the  advent  of  the  Wankel)  to  which  it  is  most  favorably  inclined. 

In  terms  of  emission  control  the  gas  turbine  is  inherently 
cleaner  than  the  ICE  and  much  more  stable.  A  properly  tuned 
turbine  engine  produces  HC  and  CO  emissions  in  the  area  of 
the  1975  standards  and  these  rates  do  not  seriously  degrade  over 
the  life  of  the  engine.  There  is  a  problem  with  NO^^,  however. 
Although  formation  is  lower  than  in  the  uncontrolled  ICE 
(around  2  gm/mi),  it  still  is  significantly  higher  than  the  1976  NO^ 
standard,  and  there  is  no  control  technique  at  the  moment  which 
will  reduce  it.  Of  course,  even  with  higher  initial  emission  rates, 
the  gas  turbine  might  well  produce  less  pollution  than  the  con¬ 
trolled  ICE  because  of  its  greater  stability. 
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There  are  barriers  to  the  mass  production  and  mass  operation 
of  gas  turbines  in  automobiles.  They  require  exotic  materials 
and  more  tightly  controlled  production  processes  than  the  auto¬ 
mobile  companies  have  attained  to  date.  The  manufacture  of 
turbine  engines  might  require  drastic  changes  in  the  current 
labor  force,  either  in  terms  of  training  or  of  personnel  turnover. 
There  would  be  similar  problems  in  the  maintenance  industry: 
The  turbine  could  not  be  handled  by  current  garage  mechanics. 
The  unit  price  of  the  engine  is  hard  to  predict,  but  it  appears 
that  it  would  be  significantly  higher  than  the  controlled  ICE 
($1500  or  so  by  current  estimates). 

Electric  Drive.  Recent  research  has  identified  new  battery 
technologies  that  have  sufficient  power  output  and  energy  storage 
to  permit  an  automotive  application.  If  fully  developed,  such 
batteries  might  power  a  passenger  car  with  the  speed,  range,  and 
performance  of  current  ICE’s  at  a  competitive  cost.  Such  a  vehicle 
would  have  no  HC,  CO,  or  NO,  emissions  whatsoever,  and  would 
be  quieter,  smoother,  and  more  durable  in  operation.  The  jxjI- 
lution  problem  under  such  a  technology  would  be  displaced  to 
a  smaller  number  of  larger  sources  (i.e.,  electric  power  generating 
stations),  where  over  the  long  run  it  is  not  unreasonable  to  hope 
for  significant  economies  of  scale  in  pollution  reduction  and 
significant  advantages  in  enforcement. 

Such  vehicles  also  would  enable  a  more  flexible  energy  policy, 
and  could  help  to  conserve  petroleum.  At  some  [x>int  in  the 
future,  fossil  fuels  will  become  too  scarce  and  expensive  to  use 
for  propelling  individuals  around  in  4000-pound  containers. 
Naturally,  there  is  great  debate  about  how  far  in  the  future  this 
event  lies  and  whether  it  is  desirable  to  effect  such  a  change  at 
an  earlier  date  in  order  to  reap  benefits  in  terms  of  reduced 
pollution. 

It  would  require  a  substantial  (but  by  no  means  unattainable) 
development  effort  to  prepare  electric  drive  technology  for  mass 
production  by  the  early  1980s.  Though  such  an  effort  is  very 
unlikely  to  emerge  from  current  market  forces,  it  would  be 
attainable  with  government  financing.  The  more  serious  barriers 
to  electric  drive  technologfy  are  to  be  found  in  its  broader  eco¬ 
nomic  consequences.  The  reallocation  of  the  productive  capacity 
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of  the  automotive  manuhicturers  would  be  much  more  substantial 
than  in  the  case  of  the  Rankine  cycle,  Wankel,  or  stratified  chai^ 
engines.  Disruptive  effects  would  be  concentrated  in  markets  for 
certain  materials  and  parts.  Oil  producers  and  distributors  would 
lose  their  gasoline  market,  which  currently  is  the  major  portion 
of  their  business,  though  this  would  occur  at  a  gradual  pace 
determined  by  the  turnover  in  the  vehicle  population.  Electric 
utilities  would  experience  a  greater  increase  in  demand  than 
they  are  now  estimating,  and  they  would  have  to  undertake  greater 
capital  investment.  This  again  would  be  a  gradual  process  phased 
to  the  vehicle  turnover  rate. 

The  essential  question  then  is  whether  long-run  economic  forces 
favoring  electric  technology  will  appear  soon  enough,  or  whether 
the  gains  from  centralizing  emissions  sources  will  be  significant 
enough,  to  make  a  battery-powered  car  competitive  within  the 
time  frame  of  current  policy  (15-20  years).  This  is  a  matter  of 
great  uncertainty.  But  since  the  decisions  on  automotive  tech¬ 
nology  now  being  forced  by  the  Clean  Air  Act  will  strongly  affect 
the  patterns  of  energy  use  at  least  until  1990,  the  issue  ought  to 
receive  serious  and  immediate  attention. 

Internal  Combustion  Engines  with  Gaseous  Fuels.  It  has  been 
demonstrated  that  dramatic  reductions  in  exhaust  emissions  from 
the  conventional  ICE  can  be  achieved  by  changing  to  gaseous 
fuels  such  as  liquified  petroleum  gas  or  compressed  natural  gas. 
Such  systems,  which  require  only  moderate  changes  in  engine 
design,  have  inherently  clean  combustion  and  good  performance 
characteristics,  and  they  result  in  stable  emissions  near  the  levels 
of  the  1975/76  standards.  Some  taxi  fleets  and  pools  of  govern¬ 
ment  vehicles  have  been  converted  to  gaseous  fuels  in  recent 
years,  often  with  net  savings  in  vehicle  cost. 

The  main  problems  with  gaseous  fuels  concern  the  supply 
system  and  safety.^*  A  major  increase  in  the  national  supply  of 
gaseous  fuels  would  be  required  (perhaps  through  coal  gasifica¬ 
tion  or  imports  of  liquified  petroleum  gas)  in  order  to  serve  the 
national  vehicle  fleet.  Even  if  the  supply  were  available,  the 
widespread  use  of  gaseous  fuels  would  require  a  major  overhaul 

A  very  useful  analysis  of  gaseous  fueled  vehicles  has  been  earned  out  by  the 
Environmental  Quality  Laboratory  at  California  Institute  of  Technology;  see  L. 
Lees,  et  at..  Smog  —  A  Report  to  the  People  (Los  Angeles,  1972) . 
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of  the  distribution  system  for  automotive  fuels.  These  two  factors 
tend  to  restrain  the  use  of  gaseous  fuels  to  fleet  operations  in  large 
cities.  The  safety  problem  appears  to  be  as  much  a  matter  of 
public  acceptance  as  of  real  danger.  Most  analyses  of  the  safety 
question  conclude  that  a  properly-run  gaseous  fuels  system  is  as 
safe  as  one  based  on  gasoline,  if  not  more  so. 

A  more  venturesome  approach  now  under  study  would  involve 
the  use  of  hydrogen  as  an  automotive  fuel.  The  hydrogen  could 
be  made  from  hydrocarbon  fuels  or  from  water  (using  electric 
power  as  an  input)  and  delivered  in  liquid  form  much  as  gasoline 
is  today.  Or  it  might  be  manufactured  from  a  conventional 
hydrocarbon  fuel  within  the  vehicle  itself.  A  hydrogen  engine 
would  be  essentially  pollution-free.  As  with  other  alternatives 
mentioned  above,  additional  research  is  needed  to  determine  if 
these  new  approaches  are  practical  for  mass-produced  cars. 

One  thing  is  clear,  however.  Technologies  are  available  that 
can  be  expected  to  solve  the  stability  problem  and  that  could  be 
developed  for  new  car  production  by,  say,  the  model  year  1981. 
It  is  unrealistic,  however,  to  think  that  any  of  these  f>otential 
solutions  will  emerge  in  a  timely  fashion  from  the  current  emis¬ 
sion  control  program. 


III.  Policy  O^/iions 

A  fertile  imagination  can  generate  a  large  number  of  different 
approaches  to  the  automobile  emissions  control  problem.  These 
include  an  outright  ban  on  the  ICE,  myriad  systems  of  eflluent 
taxes,  enforced  maintenance,  gasoline  rationing,  traflic  controls, 
regional  rather  than  national  programs,  and  a  substantial  reduc¬ 
tion  in  the  abatement  objectives.  A  full  evaluation  of  the  options 
would  require  a  very  extensive  discussion  indeed.  As  a  practical 
matter,  though,  there  seem  to  be  three  basic  options,  illustrated 
in  the  top  half  of  Figure  1.  One  option  is  to  continue  with  the 
^tablished  policy  of  full  implementation  of  the  Clean  Air  Act  as 
it  now  stands.  In  this  case  there  is  a  subsidiary  choice  about  how 
hard  to  push  for  enforcement  of  emissions  performance  “on  the 
road.”  We  shall  refer  to  this  option  by  the  shorthand  notation 
“EST,”  or  if  an  enforcement  program  is  included,  as  “EST/ENF.” 
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UNCERTAIN  OUTCOMES 


Figure  1.  schematic  view  of  alteenative  folicy  choices,  and  of 

UNCERTAIN  OUTCOMES  UNDER  EACH  OF  THE  POLICIES. 

A  second  option  is  to  relax  the  current  emissions  standards  to 
technically  convenient  levels  in  order  to  avoid  all  the  difficulties 
discussed  above.  This  we  shall  refer  to  as  option  “REL.”  And 
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the  third  option,  which  we  call  “ALT,”  is  to  adopt  a  vigorous 
program  to  develop  one  or  more  of  the  low-polluting  propulsion 
technologies,  and  to  prepare  for  its  adoption  in  the  early  1980s. 
In  this  last  case  there  is  a  subsidiary  choice  about  what  to  do 
about  emissions  standards  while  this  alternative  is  being  prepared. 
On  the  one  hand,  it  is  possible  to  hold  to  established  standards 
through  the  late  1970s  (leading  to  option  EST/ALT),  or  stan¬ 
dards  can  be  relaxed  in  the  interim,  to  be  raised  again  in  the  early 
1980s  (yielding  option  REL/ALT). 

No  matter  which  path  federal  policy  takes,  there  is  a  wide  range 
of  possible  outcomes,  as  displayed  in  the  bottom  half  of  the  figure. 
First,  there  is  the  question  of  program  cost  over  some  period  (we 
use  15  years),  and  our  analysis  will  utilize  high,  medium,  and  low 
assumptions  about  the  costs  of  emissions  control.  Then,  whatever 
the  cost  turns  out  to  be,  after  some  years  of  experience  with  vehicle 
deterioration  under  road  conditions  there  will  be  some  realized 
level  of  emissions  stability.  As  the  figure  shows,  the  analysis  will 
incorporate  a  range  of  assumptions  about  the  degree  to  which 
vehicle  emissions  deviate  from  those  predicted  by  the  prototype 
test.  The  relative  attractiveness  of  different  policy  options,  nat¬ 
urally,  depends  on  where  they  are  expected  to  come  out  on  the 
diagram  of  cost  and  stability. 


Established  Policy 

When  understood  in  the  context  of  the  1960s  the  provisions  of 
the  Clean  Air  Act  have  a  simple,  appealing  logic.  The  act  gets 
tough  with  the  oligopoly  of  domestic  manufacturers  who  are  wide¬ 
ly  believed  to  have  colluded  to  fend  off  California’s  early  attempts 
at  emissions  control.  The  rigidly  imposed  standards  and  precise 
deadlines,  the  clause  requiring  good-faith  effort  to  meet  them, 
and  the  threat  of  prohibition  from  the  market  are  all  devices  for 
breaking  the  resistance  of  recalcitrant  profit-oriented  industrialists. 
Explicit  constraints  on  auto  emissions  are  given  the  force  of  law. 
Enforcement  of  explicit  standards  requires  measurements  which 
must  be  recorded  and  made  part  of  the  public  record,  and  this 
provides  a  political  focus  and  a  pressure  point  for  diffuse  and 
weakly-organized  environmentalist  forces.  Moreover,  the  difficult 
task  of  designing  control  systems  is  left  to  the  manufacturers,  who 
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have  an  incentive  to  produce  the  most  efficient  technical  solution, 
so  the  argument  goes.  State  inspection  programs,  along  with  the 
warranty  provisions  of  the  act,  should  prevent  manufacturers 
from  producing  a  vehicle  that  turns  into  a  bad  polluter  after  a 
few  months  in  the  owner's  hands.  The  implementation  of  this 
logic  can  accurately  be  referred  to  as  the  "esublished  policy”  of 
the  Congress  and  the  EPA.*® 

There  is  some  chance  that  this  approach  may  produce  an  effi¬ 
cient  method  of  controlling  ICE  emissions.  Perhaps  there  are 
breakthroughs  in  technology  and  production  technique  that  can 
yield  dramatic  reductions  in  emissions  at  low  cost,  with  no  un¬ 
desirable  side-effects.  (Catalyst  manufacturers  are  in  effect  making 
such  a  claim  when  they  forecast  the  development  of  cheap,  dur¬ 
able,  highly  efficient  catalytic  devices.)  Such  an  outcome  would 
be  an  nttraordinary  bit  of  good  luck,  and  it  would  clearly  justify 
the  established  jxilicy.  The  technical  momentum  of  the  industry 
and  the  political  forces  behind  the  current  policy  would  be 
directed  down  the  right  track,  and  at  least  one  environmental 
problem  would  be  solved. 

Unfortunately,  if  the  technical  breakthroughs  are  not  so  easily 
achieved,  then  the  virtues  of  the  established  policy  are  much  more 
problematic.  Despite  official  neutrality  with  respect  to  propulsion 
technology,  the  1975/76  standards  and  deadlines  serve  to  lock 
the  entire  industry  into  a  narrow  range  of  options.  Routine  pro¬ 
duction  procedures  in  the  industry  require  that  basic  engineering 
designs  be  established  three  years  before  production  begins  (July 
1972  for  the  1975  models).  This  timing  allowed  only  18  months 
between  the  enactment  of  the  1970  Amendments  (whose  stringency 
was  not  anticipated  by  the  industry)  and  the  onset  of  the  produc¬ 
tion  cycle  for  1975  vehicles.  The  tight  deadline  could  not  help 
solidifying  the  commitment  throughout  the  industry  to  the  con¬ 
ventional  ICE  and  to  “bolt-on”  clean-up  devices. 

If  the  technical  trade-offs  hold  in  this  circumstance,  then  the 
response  of  automotive  designers,  working  under  time  pressure, 
is  predictable.  They  will  aim  for  a  vehicle  design  that  (a)  will 
pass  the  federal  prototype  test  so  it  can  be  sold  and  (b)  will 

IS  There  are  important  matten  -which  have  not  been  decided  to  date,  including 
elements  of  certification  testing  and  assembly  line  surveillance,  guidelines  for  ve¬ 
hicle  maintenance  and  state  enforcement,  and  the  question  of  an  extension  of  the 
1975  and  1976  standards. 
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entail  the  least  possible  increase  in  new  car  cost  and  the  smallest 
losses  in  vehicle  driveability.  To  do  so,  they  will  have  to  com¬ 
promise  with  vehicle  emissions  performance  over  long  periods  of 
time  and  miles  of  use.  Vehicle  emissions  will  tend  to  be  “un¬ 
stable”  in  the  sense  that,  without  continuous  and  informed 
maintenance,  emissions  rates  will  rise  significantly  under  the 
rigors  encountered  on  the  road. 

Emissions  Forecasts.  Just  how  high  emissions  might  go  is  a 
matter  of  considerable  uncertainty.  The  factors  contributing  to 
instability  have  been  identified  above.  The  degree  to  which  they 
operate  will  depend  both  on  vehicle  design  and  the  pressure  of 
government  enforcement.  In  order  to  analyze  these  phenomena 
we  have  developed  a  set  of  models  of  the  automobile  population, 
taking  into  account  the  growth,  turnover,  and  use  patterns  of 
vehicle  fleet,  along  with  the  differing  emissions  standards  in  force 
in  different  years.  They  also  contain  sub-models  of  vehicle  de¬ 
terioration  under  road  conditions,  and  of  auto  emission  inspec¬ 
tion  and  enforced  maintenance.^ 

The  key  to  the  analysis,  as  noted  earlier,  is  the  concept  of 
“stability”  of  vehicle  emissions  over  time.  A  vehicle  type  is 
“stable”  if  it  will,  on  the  average,  perform  near  to  the  prototype 
test  result  even  without  elaborate  enforcement  systems  and  spe¬ 
cialized  emissions  control  maintenance.  The  greater  the  increase 
in  emissions  under  these  conditions,  the  more  “unstable”  a  par¬ 
ticular  design  is  considered  to  be.  We  define  four  stability  levels 
that  cover  the  range  of  emissions  performance  that  could  result 
from  current  efforts  to  control  the  ICE.  There  also  is  a  stability 
class  designed  to  represent  a  stable  alternative  technology.  Figure 
2  shows  a  simplified  version  of  this  part  of  the  emissions  model. 
Each  level  of  stability  indicates  a  different  possible  state  of  the 
world  which  might  result  from  the  inherent  properties  of  the 
vehicle  design,  voluntary  maintenance,  tlie  driving  habits  of  the 
population,  and  the  other  factors  affecting  emissions  control 
system  deterioration. 

Level  1  stability  reflects  what  might  be  achieved  if  vehicle 
design  and  production  were  at  the  most  favorable  limits  of 
imaginable  success  and  if  vehicles  were  voluntarily  maintained 

MSee  “Enforcement  of  Emissions  Limits  ‘On  the  Road‘,’*  Appendi.x  2  to  Federal 
Policy  on  Automotive  Air  Pollution,  op.  cit. 
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Figure  2.  emissions  rates  for  different  stability  levels  on  the 

ASSUMPTION  THAT  NO  SPECIFIC  EMISSIONS  CONTROL  MAINTENANCE  IS  PERFORMED, 
STATED  AS  A  MULTIPLE  OF  THE  PROTOTTYPE  TEST  RESULT. 

exactly  according  to  manufacturer’s  specifications.  It  presumes  a 
catalyst  that  would  not  fail  completely  even  under  high  tem¬ 
perature,  rough  driving,  or  poisoning.  This  level  of  stability  is 
very  unlikely  to  occur,  but  it  is  conceivable  and  thus  serves  to 
define  the  lower  end  of  the  range.  Level  4  stability  is  the  high  end 
of  the  range.  It  presumes  a  catalyst  which  is  prone  to  failure,  and 
a  significant  amount  of  perverse  maintenance  (adjusting  or  re¬ 
moving  of  control  devices  in  order  to  improve  performance  at 
the  cost  of  higher  emissions).  Further,  it  assumes  that  whatever 
air  quality  maintenance  is  done  will  be  inexpertly  performed. 
Levels  2  and  3  represent  intermediate  cases  to  provide  reference 
points  within  the  established  range.  Level  0  stability  indicates 
the  performance  that  could  be  expected  from  a  stable  alternative 
technology. 

Using  the  emissions  model  and  these  definitions  of  stability, 
we  can  prepare  alternative  emissions  forecasts.  Taking  CO  as  an 
example.  Figure  3  shows  the  annual  total  emissions  for  the  nation 


556 


Figure  3.  nationwide  carbon  monoxide  emissions  for  alternative 

VEHICLE  STABILITY  LEVELS  UNDER  ESTABLISHED  POLICY,  WITH  NO  PROGRAM  OF 
INSPECTION  AND  ENFORCED  MAINTENANCE. 

for  each  of  the  15  years  1975-1989.  The  lowest  curve  in  the  figure 
duplicates  an  estimate  prepared  by  the  National  Academy  of 
Sciences  and  assumes  perfect  stability  in  emissions  (that  is,  zero 
deterioration  of  post-1975  vehicles).  The  top  curve  shows  what 
would  happen  if  emissions  controls  were  left  at  1973  levels. 
Other  curves  show  total  emissions  with  established  policy  (£ST 
with  no  enforced  maintenance)  under  alternative  assumptions 
about  stability.  For  example,  the  curve  labeled  “Level  4”  results 
from  established  policy  if,  in  fact,  vehicles  produced  after  1975 
deteriorate  according  to  the  definition  of  stability  level  4  in 
Figure  2. 

Several  things  are  worth  noticing  about  Figure  3.  First,  the 
effects  of  different  policy  options  do  not  differ  greatly  in  the 
early  years  (say,  1975-1979).  This  is  because  of  the  gradual 
turnover  of  the  vehicle  fleet.  It  takes  several  years  before  the 
tightly-controlled  vehicles  grow  to  be  a  significant  piortion  of 

IT  Semiannual  Report  by  the  Committee  on  Motor  Vehicle  Emissions  to  the  EPA 
(Washingmp,  D.C.,  January  1, 1972)  . 
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the  auto  population,  and  the  results  of  any  emissions  control 
program  play  out  over  a  decade  or  more.  Another  point  to  notice 
is  that,  unless  emissions  controls  are  highly  stable,  total  emissions 
will  be  on  the  rise  again  in  the  late  1980s  due  to  the  growth  in 
total  miles  driven.  Finally,  the  figure  shows  that  only  the  most 
optimistic  assumptions  (Level  1  or  better)  approach  the  goal  of 
a  90  percent  reduction  in  emissions  sought  in  the  Clean  Air  Act. 

To  the  results  for  CO  shown  in  Figure  3  must  be  added  similar 
data  for  HC  and  NO,,  and  for  analysis  of  broad  policy  options 
these  complex  phenomena  must  be  aggregated  into  an  under¬ 
standable  set  of  summary  indices.  We  aggregate  pollutants  by 
taking  a  weighted  sum  of  total  national  emissions  of  CO,  HC, 
and  NO,  in  each  year.^®  Aggregation  over  time  is  accomplished 
by  taking  the  simple  sum  of  the  weighted  emissions  over  the 
15-year  period  1975-1989.  The  result  is  a  set  of  estimates  of  the 
total  tons  of  “pollutant”  spewed  out  by  cars  under  different 
policy  options.  Since  we  are  concerned  with  the  incremental 
reduction  associated  with  the  tightening  of  standards  programmed 
for  1975  and  1976,  we  take  the  pollution  that  would  be  ex¬ 
perienced  under  1973  controls  as  the  base  condition.  The  per¬ 
centage  cutback  achieved  by  a  particular  policy  (below  levels 
produced  by  1973  controls)  is  termed  its  “Weighted  Index  of 
Reduction.”  This  is  our  measure  for  comparing  the  effectiveness 
of  the  different  policies  laid  out  in  Figure  1. 

The  values  of  the  index  for  established  policy  are  shown  in 
the  first  column  of  Table  2.  (The  values  for  other  policies  are 
there  as  well;  we  shall  return  to  them  shortly.)  As  the  table  shows, 
emissions  may  be  reduced,  below  those  from  1973  controls,  by  as 
much  as  55  percent  or  as  little  as  13  percent  depending  on  the 
stability  level  attained. 

The  significance  of  such  percentage  reductions  is  not  intuitively 
obvious,  of  course,  for  they  are  not  measures  of  the  things  we 
value  about  pollution  control  — such  as  the  health  of  human 
beings,  plants,  and  animals.^*  One  can,  however,  make  very  rough 
estimates  as  to  what  these  reductions  imply  for  current  efforts  to 

IS  The  weighting  factors  that  Ue  behind  the  calculations  presented  here  are 
CO=0.12,  HC=1.0,  NOx=1.0.  The  analysis  was  conducted  using  three  distinct  sets 
of  weights,  and  the  central  conclusions  proved  insensitive  to  the  weighting  scheme 
used. 

ISA  quantitative  approach  to  this  problem  is  provided  by  Ahem,  op.  cit. 
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Table  2.  weighted  indices  of  reduction  in  emissions  under  different  policy 

OPTIONS,  FOR  INDICATED  STABILITY  LEVELS  FOR  ICE  VEHICLES  AND  LEVEL  0  FOR 
ALTERNATE  TECHNOLOGY. 


Stability 

Level 

Weighted  Index  of  Reduction,  1975-1989 

EST 

EST/ENF 

REL 

REL/ALT  EST/ALT 

1 

.55 

.59 

.37 

.51  .60 

2 

.45 

.54 

.11 

.37  .55 

3 

.35 

.47 

-.15 

.23  .49 

4 

.13 

.34 

• 

•  .38 

*  Level  4  is  not  applicable  under  relaxed  standards. 


meet  established  ambient  air  quality  standards.  In  a  city  such  as 
Philadelphia,  for  example,  \.nere  automobiles  in  1967  contributed 
around  60  percent  of  CO  pollution,  an  emissions  control  pro¬ 
gram  experiencing  poor  stability  (Levels  3  or  4)  might  result  in 
10  to  20  periods  each  year  during  which  the  8-hour  standard  for 
CO  concentrations  was  exceeded  (i.e.,  1-2  days  per  month).*®  If 
the  ambient  standards  are  accurately  set,  then  adverse  health 
effects  would  still  be  suffered  even  after  15  years  of  the  control 
program. 

The  Role  of  Enforced  Maintenance.  Results  like  the  above, 
which  show  the  effect  of  technical  instability  on  the  degree  of 
clean-up  achieved,  inevitably  suggest  the  potential  value  of  a 
program  of  inspection  and  enforced  maintenance  as  a  means  of 
controlling  the  deterioration  of  emissions  controls.  No  doubt 
the  difficulties  of  establishing  such  a  system  on  a  national  scale  are 
formidable.  Fifty  states  and  countless  local  jurisdictions  would 
be  involved;  few  of  them  now  pos.sess  legal  authority  to  establish 
inspection  and  maintenance  programs,  much  less  the  capacity  to 
make  them  work.  To  build  a  program  capable  of  controlling  an 
unstable  technology  would  not  only  require  setting  up  (or  sup¬ 
plementing)  testing  and  inspection  programs  in  20  or  30  states  at 
a  minimum;  it  also  would  require  regulation  of  maintenance 
facilities,  licensing  of  mechanics,  and  so  on.  And  since  all  of  this 
would  entail  significant  harassment  of  motorists,  such  a  program 
would  be  hazardous  politically.  In  short,  it  is  questionable  that 

BOTUs  would  occur  in  1985-89  assuming  Level  3  or  Level  4  stability  under  the 
established  policy,  normal  weather  and  traSic  conditions,  and  a  50  percent  abate¬ 
ment  o{  stationary  source  pollution.  For  further  detail  on  such  calculations  see 
Ahem,  op.  cit. 
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a  comprehensive  enforcement  system  can  be  created,  or  that  if  it 
were  created  it  would  operate  efficiently.*^ 

Still,  a  maintenance  program  is  an  important  part  of  control 
policy  as  conceived  in  the  Clean  Air  Act,  and  it  deserves  careful 
attention.  There  are  many  ways  such  a  program  could  be  organ¬ 
ized-some  more  effective  in  reducing  emissions  than  others. 
The  format  most  likely  to  be  adopted  involves  state-run  inspec¬ 
tion  stations  which  try  to  identify  high  emitters  and  send  them 
to  certified  private  garages  for  restoration  of  their  air  quality 
control  systems. 

California  and  New  Jersey  are  the  only  states  that  have  at¬ 
tempted  inspection  programs  to  date.  Following  their  experience, 
the  measured  emissions  rate  at  which  cars  will  fail  the  test 
probably  will  be  set  by  most  states  in  such  a  way  that  some  pre¬ 
determined  percentage  of  all  vehicles  will  be  selected  out  as  high 
polluters.  No  state  administration  wants  a  system  that  fails  so 
many  cars  as  to  be  politically  unacceptable  or  so  few  that  it  appears 
a  waste  of  time.  Furthermore,  the  test  criteria  are  likely  to  be 
designed  so  that  the  percentage  failed  is  roughly  the  same  for  all 
model  years.  It  would  be  hard  to  sustain  a  program  that  penal¬ 
ized  the  owners  of  old  cars  and  let  new  car  owners  go  free  —  or 
vice  versa. 

Based  on  these  assumptions  about  what  states  will  in  fact  do  if 
they  are  induced  to  set  up  inspection  and  service  programs,  an 
evaluation  has  been  prepared  for  a  national  system  that  fails  30 
percent  of  the  cars  each  year.  Cars  receiving  the  mandated  service 
under  this  program  are  considered  to  be  restored  to  the  level  of 
emission  control  they  exhibited  as  new  vehicles.  That  is,  the 
emissions  of  cars  failed  are  forced  back  to  the  lowest  point  on  the 
appropriate  stability  curve  in  Figure  2.**  Such  assumptions  are 

21  It  is  argued  that  enforcement  ought  to  be  selective  by  local  area  according  to 
the  severity  of  the  air  pollution  problem.  Montpelier,  Vt.,  would  allow  its  motorists 
to  gain  the  benefits  of  lax  controls,  while  Los  Angeles  would  impose  a  vigorous  en¬ 
forcement  program,  perhaps  even  requiring  a  different  \  cle  design.  Regionaliza¬ 
tion  is  attractive  if  there  are  only  a  few  areas  requiring  .ngent  controls,  but  un¬ 
fortunately  Los  Angeles  and  Philadelphia  are  not  the  only  cities  with  serious 
problems.  A  study  by  the  Office  of  Science  and  Technology  concludes  that  70 
percent  of  the  vehicle  population  would  require  controls;  see  Cumulative  Regula¬ 
tion  Effects  on  the  Cost  of  Automotive  Transportation  (RFCAT;  Washington,  D.C., 
February  28,  1972) .  If  the  vehicles  that  must  be  rigidly  controlled  constitute  a 
significant  portion  of  the  population  (say,  40  percent  or  more) ,  then  this  analysis 
of  a  national  program  holds  for  a  regionalized  program  as  well. 

22  The  level  of  stability  is  assumed  to  be  inherent  in  the  technical  design  and 
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extremely  favorable  regarding  the  effectiveness  of  maintenance 
and  obviously  represent  the  outer  bound  of  what  can  be  expected. 

This  version  of  the  established  policy  with  enforcement  on  the 
road  is  given  the  shorthand  name  EST/ENF,  and  the  Weighted 
Indices  of  Reduction  under  these  conditions  are  shown  in  the 
second  column  of  Table  2.  These  data,  which  present  a  picture 
purposefully  biased  in  favor  of  maintenance  programs,  bring  out 
the  fundamental  dilemma  inherent  in  this  {x>licy  instrument. 
Under  highly  stable  conditions,  where  the  maintenance  cannot 
produce  a  substantial  reduction  in  automotive  emission  because 
there  is  none  to  be  had,  an  enforcement  program  does  not  add  a 
great  deal  to  effectiveness.  Under  low  subility  conditions  (say 
Level  4),  enforced  maintenance  does  raise  effectiveness,  but  the 
ultimate  improvement  over  1973  controls  is  still  not  very  great. 

Program  Costs.  Estimating  the  costs  of  the  different  policy 
options  for  emissions  control  is,  of  course,  an  exercise  in  making 
reasonable  assumptions.  Until  controlled  automobiles  are  mass- 
produced  and  driven  under  road  conditions,  the  actual  cost  of 
emissions  control  cannot  be  known.  Even  then  accurate  cost 
calculations  will  require  an  elaborate  effort  not  likely  to  be 
undertaken.  It  is  important,  therefore,  to  impose  the  proper 
structure  on  the  problem  and  to  provide  a  range  of  possible  esti¬ 
mates  reflecting  the  inherent  uncertainty. 

The  discussion  above  identifies  four  components  of  cost:  (1) 
the  increase  in  vehicle  manufacturing  cost,  (2)  the  increased  cost 
of  vehicle  maintenance,  (3)  the  decline  in  fuel  economy,  and  (4) 
the  cost  of  inspection,  specialized  air  quality  control  service,  and 
general  administration  necessary  to  enforce  performance  on  the 
road.  Table  3  presents  low,  medium,  and  high  estimates  of  the 
15-year  total  of  these  costs  under  current  policy.  The  low  estimate 
assumes  an  increment  in  manufacturing  cost  over  that  of  1973 
vehicles  of  only  $100.  This  is  extremely  optimistic,  as  it  is  well 
below  the  current  official  estimates  shown  in  Table  1.  The  esti¬ 
mated  fuel  penalty,  at  5  percent,  is  also  at  the  low  end  of  most 
estimates. 

thus  cannot  be  changed,  though  a  maintenance  piograni  can  hold  actual  emissions 
rates  below  the  maximum  values.  It  is  possible,  of  course,  that  harassment  of  mo¬ 
torists  on  the  road  may  reverberate  back  to  the  design  labs  in  Detroit,  and  that  a 
rigid  enforcement  program  could  lead  to  more  stable  vehicles  at  some  point  in  the 
future.  It  is  argued  that  this  linkage  is  very  weak. 
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Table  3.  low,  medium,  and  high  estimates  of  15-year  program  cx>sts  under 
ESTABLISHED  POLICY,  AT  A  5%  DISCOUNT  RATE. 


15-year  Program  Cost 
($  billions) 

Cost  Assumptions 

No  Enforced 
Maintenance 
(EST) 

With  Inspection  and 
Enforced  Maintenance 
of  30%  of  Vehicles 
(EST/ENF) 

Low  Cost 

Initial  Cost  =  $100/car 

Regular  Maintenance 
$10/car  per  year 

Fuel  Penalty  =  5% 

Medium  Cost 

Initial  Cost  =  |250/car 

27.4 

40.5 

Regular  Maintenance  = 
$20/car  per  year 

Fuel  Penalty  =  10% 

High  Cost 

Initial  Cost  =  $400/car 

61.5 

74.6 

Regular  Maintenance  = 
|20/car  per  year 

Fuel  Penalty  =  20% 

94.0 

107.1 

The  medium  cost  estimate  represents,  in  effect,  the  results  of 
most  of  the  official  government  studies  of  control  system  cost. 
The  high  estimate  is  consistent  with  the  figures  released  in  most 
industry  analyses  of  manufacturing  expenses,  and  the  more  pessi¬ 
mistic  predictions  about  fuel  economy. 

One  implication  of  these  estimates  is  immediately  evident.  If 
$30-100  billion  is  to  be  spent  on  controlling  automotive  emis¬ 
sions,  then  the  government  surely  ought  to  think  broadly  about 
its  policy  options.  With  that  amount  money  at  stake,  even  very 
substantial  changes  in  the  current  manufacturing  psocess  can  be 
considered;  even  very  risky  investments  in  technical  development 
can  be  justified. 

Posnble  Failure  of  Prototype  Tests.  In  addition  to  the  ques¬ 
tion  of  stability  and  the  problems  of  enforcement,  there  is  also 
a  significant  possibility  that  the  automobile  manufacturers  simply 
will  not  be  able  to  pass  the  prototype  test  with  their  1976  model 
vehicles.  To  date  none  of  the  U.S.  manufacturers  has  reported  sys¬ 
tems  which  meet  all  three  standards  under  the  established  certi- 
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fication  procedure.  Should  this  situation  hold  into  mid- 197  3,  or 
if  a  one-year  extension  is  granted,  into  mid- 1974,  then  there  will 
be  an  absolute  confrontation  over  the  established  policy.  The 
government  will  be  legally  committed  to  the  standards;  the  in¬ 
dustry  as  a  practical  matter  will  only  be  able  to  market  vehicles 
which  do  not  meet  the  standards.  If  it  comes  to  that  impasse, 
it  is  clear  that  some  adjustment  of  the  policy  will  be  required,  for 
no  government  could  stand  the  pressure  that  would  attend  a  halt 
in  production  even  by  a  single  manufacturer,  much  less  the  whole 
industry.  The  negative  economic  effects  resulting  from  such  an 
event  would  completely  overwhelm  the  benefits  to  be  gained  from 
pollution  reduction,  and  the  political  response  would  be  com¬ 
mensurate  with  the  stakes  at  hand. 


Relaxed  Standards 

Some  observers  look  at  the  manufacturers’  complaints  about  cost 
and  technical  difficulty,  and  the  risks  for  the  government,  and 
conclude  that  the  standards  should  simply  be  relaxed.  There  is 
uncertainty  and  hence  disagreement  about  the  precise  degree  of 
relaxation  needed  to  avoid  these  problems,  but  a  reasonable  ap¬ 
proximation  would  set  new  standards  at  8.5  gm/mi  CO,  1.0  gm/mi 
HC  and  1.0  gm/mi  NO,.  These  standards  would  represent  a  75 
percent  reduction  in  emission  rates,  as  opposed  to  the  90  percent 
called  for  in  the  act.  This  option  is  denoted  as  REL  in  Figure  1, 
and  the  associated  values  of  the  Weighted  Index  of  Reduction 
are  presented  in  Table  2. 

Such  relaxed  emission  rates  probably  could  be  met  with  control 
techniques  currently  under  development,  and  the  trade-offs  would 
not  be  as  severe  as  under  current  standards.  Though  higher  at 
the  outset,  such  emission  rates  should  be  more  stable.  There 
would  still  be  some  EGR  but  less  of  it,  and  no  reducing  catalyst. 
There  might  be  an  oxidizing  catalyst  but  with  a  lower  required 
removal  rate  it  should  be  more  durable.  Other  adjustments  would 
be  less  severe,  and  this  leeway  would  allow  designers  to  gain 
back  road  performance,  driveability,  and  fuel  economy  —  and  at 
reduced  cost. 

The  degree  of  cost  reduction  is  uncertain,  and  so  once  again 
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Table  low,  medium,  and  high  estimates  of  IS-vear  program 

COSTS  UNDER  RELAXED  STANDARDS,  AT  A  5%  DISCOUNT  RATE 


Cost  Assumptions 

15-year  Program  Cost 
($  billions) 

Low  Cost 

Initial  Cost  =  $75./car 

Regular  Maintenance  =  $5./car  per  year 
Fuel  Penalty  =  none 

Medium  Cost 

Initial  Cost  =  |150./car 

13.9 

Regular  Maintenance  =  |5./car  per  year 
Fuel  Penalty  =  5% 

High  Cost 

30.2 

Initial  Cost  =  $250./car 

Regular  Maintenance  =  $10./car  per  year 
Fuel  Penalty  =  10% 

53.7 

we  develop  a  set  of  three  cost  estimates  that  span  the  range  of 
likely  outcomes.  Table  4  shows  a  low  estimate  that  assumes  an 
incremental  cost  of  only  $75  per  car  over  1973  models  and  no 
fuel  penalty  whatsoever.  The  high  estimate  is  very  similar  to 
the  medium  estimate  for  the  existing  policy.  This  is  not  unrea¬ 
sonably  high,  since  most  of  the  equipment  required  to  meet 
established  standards  will  be  needed  to  satisfy  the  relaxed  emis¬ 
sions  ceilings. 

A  central  argument  for  relaxation  of  the  standards,  mentioned 
earlier,  asserts  that  most  of  the  benefits  of  automotive  emission 
control  can  be  achieved  with  a  lesser  reduction  than  that  now 
being  sought.  Thus  even  if  the  relaxed  standards  do  result  in 
increased  emissions,  it  is  argued,  pollution  is  still  going  to  be 
controlled  to  levels  where  this  small  increment  to  air  pollution 
will  not  be  very  damaging,  and  is  certainly  less  important  than 
the  cost  savings  it  would  enable.*® 

Though  a  relaxation  of  the  standards  would  draw  strong  po¬ 
litical  attack,  a  serious  rationale  can  be  constructed.  After  utiliz¬ 
ing  the  very  tight  standards  of  the  Clean  Air  Act  to  drive  the  in¬ 
dustry  to  a  serious  commitment  to  emissions  control,  this  policy 
then  steps  back  and  sets  new  standards  utilizing  the  information 
that  research  has  made  available.  Such  an  adjustment  can  be  por- 

M  A  sUong  statement  of  this  view  is  to  be  found  in  the  RECAT  study,  op.  cit. 
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trayed  as  a  reasoned  balance  of  competing  claims.  In  that  it 
probably  would  enable  all  manufacturers  to  pass  the  prototype 
test,  this  option  also  avoids  the  danger  of  provoking  a  sharp  po¬ 
litical  confrontation  on  the  issue. 

The  problems  with  relaxed  standards  arise  from  the  fact  that 
such  a  policy  would  stabilize  pollution  at  higher  levels  than  the 
current  approach.  Unless  gains  in  stability  from  the  relaxed 
standards  were  very  dramatic,  they  would  not  compensate  for 
the  higher  emissions  rates.  More  important,  in  relaxing  the  pres¬ 
sures  on  the  industry,  the  REL  option  would  even  further  reduce 
interest  in  a  stable,  low-f>olluting  alternative  to  the  ICE.  Natural 
deadlines  for  subsequent  reassessment  of  policy  would  be  removed, 
and  the  legal  viability  of  current  technical  approaches  would  be 
assured.  Hence  the  current  control  program  would  quickly  be¬ 
come  established  and  difficult  to  adjust.  In  short,  a  policy  of  sim¬ 
ply  relaxing  the  emissions  standards  forfeits  flexibility. 


Alternative  Technology 

Several  of  the  alternatives  discussed  earlier  offer  stable  low-pol¬ 
luting  engines  with  no  insurmountable  disabilities  inherent  in 
the  technology  itself.  (Of  course  it  will  cost  time,  money,  and 
political  energy  to  make  a  change,  and  there  are  side-effects  to 
consider.)  The  argument  for  changing  the  technical  basis  of  the 
emission  control  program  to  an  advanced  engine  technology  rests 
upon  two  propositions.  The  first  is  that  the  technical  trade-offs 
now  plaguing  control  of  the  ICE  are  not  likely  to  be  drastically 
eased  by  the  discovery  of  some  supergrade  catalyst  —  the  holy  grail 
of  the  piece.  The  second  is  that,  whether  out  of  considered  ra¬ 
tional  judgment  or  sheer  political  will,  the  nation  will  in  fact 
insist  on  the  objective  of  90  percent  abatement  now  embodied  in 
the  Clean  Air  Act  and  will  therefore  hold  to  the  current  emission 
standards.  If  these  propositions  be  true,  the  shift  to  alternative 
technology  would  be  both  necessary  (to  achieve  the  objectives) 
and  economically  wise  (to  avoid  the  high  fuel,  maintenance,  and 
enforcement  costs  of  an  unstable  technology). 

Since  data  on  alternative  technologies  are  even  more  uncertain 
than  those  for  current  technology,  we  will  not  attempt  to  make 
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direct  estimates  for  the  various  propulsion  systems  discussed 
above.  Rather  let  us  define  an  alternative  technology  option  as 
one  that  achieves  Level  0  stability  for  an  incremental  manufactur¬ 
ing  cost  (including  R&D  and  retooling/retraining  costs)  of  $500 
more  than  the  ICE  with  1973  controls.  Since  the  hypothetical 
technology  is  stable,  no  excess  maintenance  cost  is  levied  (in  fact 
most  options  would  provide  actual  savings  in  maintenance  and 
replacement).  Fuel  costs  are  assumed  to  be  the  same  as  for  the 
gasoline-powered  ICE  (even  though  most  of  the  technical  alterna¬ 
tives  run  on  cheaper  fuels).  These  assumptions  about  operating 
cost  appear  reasonable,  or  even  pessimistic,  for  Rankine  cycle  and 
stratified  charge  engines.  And  thus  we  establish  an  a  fortiori 
argument.  If  the  abstractly  defined  advanced  technology  com¬ 
pares  favorably  with  the  current  control  strategy  even  under  this 
harsh  assumption  about  manufacturing  cost,  then  the  more  mod¬ 
erate  costs  that  are  very  likely  to  be  associated  with  a  real  alterna¬ 
tive  can  only  enhance  the  attractiveness  of  a  new  approach. 

Since  we  are  assuming  that  none  of  the  alternative  technologies 
can  be  prepared  before  the  model  year  1981,  there  would  have 
to  be  some  interim  program  under  this  option.  There  are  two 
obvious  possibilities.  The  government  could  hold  to  the  estab¬ 
lished  standards,  force  the  industry  to  install  the  ICE  control 
devices  now  contemplated,  and  simply  tolerate  the  resulting  in¬ 
stability  during  the  1975-1980  period.  We  have  labelled  this 
option  EST/ALT  to  designate  its  components.  Responsible  of¬ 
ficials  might  choose  to  do  this  to  maintain  the  political  integrity 
of  the  program,  to  gain  the  benefits  of  slightly  lower  pollution,  or 
both.  It  is  even  conceivable  that  the  EPA  might  not  halt  sales  of 
model  lines  that  came  close  to  the  standards  but  somehow  failed 
to  pass  the  rigid  prototype  procedure  —  substituting  instead  a  set 
of  nonprohibitive  fines  for  noncompliance  during  the  interim 
period. 

The  second  possibility  would  be  to  relax  the  emission  standards 
during  the  interim  period  to  reduce  costs  and  to  help  shift  De¬ 
troit’s  attention  to  preparing  new  technology.  This  option  is 
labeled  REL/ALT  after  its  components. 

Fifteen-year  program  costs  for  the  two  advanced  technology 
options  differ  by  virtue  of  different  cost  estimates  which  can  be 
made  for  the  interim  program.  For  each  alternative  we  project 
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Table  5.  low.  medium,  and  high  estimates  of  15-yeak  program  cost  with 

A  SHIFT  TO  ALTERNATIVE  TECHNOLOGY  IN  1981,  AT  A  5%  DISCOUNT  RATE 


15-year  Program  Cost 
(I  billions) 


Cost  Assumptions 

Established 

Standards 

1975-80 

(EST/ALT) 

Relaxed 

Standards 

1975-80 

(REL/ALT) 

Low  Cost 

51.3 

44.1 

Medium  Cost 

68.0 

52.0 

High  Cost 

83.7 

63.5 

low,  medium,  and  high  program  costs  reflecting  various  assump¬ 
tions  about  the  interim  period.  These  are  presented  in  Table  5. 

There  is  a  formidable  difficulty  with  the  alternative  technology 
option:  A  large  number  of  people  will  have  to  change  their  hearts 
and  minds  about  what  type  of  equipment  belongs  under  the  hood 
of  a  car  and  what  kind  of  research  and  development  the  federal 
government  should  engage  in.  The  automobile  manufacturers, 
who  are  doing  well  with  the  ICE,  are  not  destined  to  respond  with 
deep  enthusiasm  to  a  program  which  forces  them  into  a  major  re¬ 
orientation  of  plant  capacity  on  behalf  of  a  project  whose  central 
effect  is  likely  to  be  to  localize  more  of  the  cost  of  emission  control 
at  the  manufacturing  stage.  To  get  serious  development  of  alter¬ 
native  technology  within  the  industry,  the  government  would  un¬ 
doubtedly  have  to  play  a  major  financial  role  in  the  research  and 
development  process  —  as  they  have  in  other  areas  of  the  economy. 
This  would  require  major  changes  in  the  habits  and  policies  of 
critical  agencies  of  the  government  —  particularly  the  Congres¬ 
sional  subcommittees  dealing  with  pollution  issues  and  the  Office 
of  Management  and  Budget,  both  of  whom  have  opposed  such  a 
governmental  role. 

This  option,  moreover,  would  inevitably  expand  the  scope  of 
the  policy  into  the  problems  of  managing  energy  resources.  The 
established  policy  itself  will  have  a  major  impact  on  oil  consump¬ 
tion,  and  will  add  a  significant  amount  to  our  balance  of  payments 
deficit  in  the  late  1970s  and  lOSOs.^*  The  process  of  adopting 

M  At  R  10  percent  fuel  penalty,  which  is  in  the  mid-range  of  the  estimates  shown 
in  Tables  1  and  S,  the  addition  to  oil  imports  could  amount  to  billion  or  more 
by  the  late  1980s.  This  would  require  an  additional  200,000-ton  supertanker  ar- 
ritdng  at  a  United  States  port  every  other  day! 
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one  of  the  alternative  technologies,  however,  would  be  lik  to 
change  the  basic  pattern  of  energy  consumption.  Since  auiuino- 
tive  transportation  represents  a  significant  portion  of  over-all 
energy  use,  it  would  be  unwise  to  embark  on  a  shift  in  automotive 
technology  without  a  much  more  thorough  analysis  of  the  energy 
implications  than  is  now  available. 

Evaluation  of  the  Options 

Figure  1  provides  a  schematic  summary  of  the  basic  policy  choices 
and  the  two  key  outcomes,  cost  and  stability,  that  determine  their 
relative  attractiveness.  Unfortunately,  it  will  be  five  or  more  years 
before  it  is  known  for  certain  which  branch  best  describes  the 
cost  of  any  policy  decision,  and  it  will  be  a  decade  before  the 
stability  characteristics  of  controlled  vehicles  (and  therefore  the 
ultimate  pollution  levels)  are  fully  known. 

In  this  kind  erf  uncertain  situation,  one  very  informative  ap¬ 
proach  to  evaluation  is  to  look  at  the  expected  outcome  in  terms 
of  cost  and  on-the  road  emissions.  Estimates  of  costs  and  vehicle 
stability  have  been  developed  above  which  span  the  range  of 
possible  outcomes.  It  is  possible  to  make  some  reasoned  judgments 
about  how  likely  these  outcomes  are  —  although,  of  course,  dif¬ 
ferent  observers  may  disagree.  By  combining  the  estimates  of  ef¬ 
fects  and  their  relative  likelihood,  one  can  develop  estimates  of 
the  characteristics  of  the  expected  outcome  for  each  policy,  and 
these  data  should  prove  informative  in  deciding  between  them. 

Two  estimates  of  the  expected  outcomes  of  the  policy  options 
are  presented  below.  The  first  is  based  on  our  own  estimates  of 
the  evidence  available  to  date,  and  is  asserted  to  be  a  “reasonable" 
evaluation  of  the  different  options.  Then,  to  test  the  sensitivity 
of  the  conclusions,  estimates  are  presented  which  represent  un¬ 
abashed  optimism  about  the  future  of  emissions  controls  on  the 
conventional  ICE.  The  point  of  the  exercise  is  to  show  that  the 
conclusions  are  the  same  over  very  wide  ranges  of  disagreement 
about  probable  costs  and  stability. 

Reasonable  Assumptions.  Reasonable  assumptions  about  the 
likelihood  of  various  outcomes  are  displayed  in  Table  6.  For 
each  of  the  policies,  two  sets  of  assumptions  must  be  made:  (1) 
what  is  the  probability  that  15-year  program  cost  will  be  nearest 
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our  high,  medium,  or  low  estimates,  and  (2)  given  that  the  cost 
came  out  at  a  particular  level,  what  is  the  probability  that  ve¬ 
hicle  stability  will  turn  out  to  be  Level  1,  2,  3,  or  4?  From  these 
assumptions,  and  the  data  presented  in  Tables  2  to  5,  the  expected 
level  of  cost  and  the  expected  Weighted  Index  of  Reduction  can 
be  calculated.  We  also  calculate  an  indicator  of  the  emissiom  in 
the  period  1985-1989  in  relation  to  1971  levels.  The  results  are 
shown  in  the  three  right-hand  columns  of  Table  6. 

Consider  the  assumptions  for  the  established  policy,  EST,  for 
example.  Trying  to  be  reasonable,  we  assume  there  is  only  a  25 
percent  chance  that  the  cost  will  be  around  the  high  estimate  in 
Table  3,  and  a  25  percent  chance  of  the  low  figure’s  coming 
about  as  well.  By  implication,  there  is  a  50  percent  chance  the 
medium  estimate  is  the  correct  one.  These  assumptions  give  a 
present  value  of  expected  cost  for  the  fifteen  years  of  $61.1  billion, 
(using  a  5  percent  discount  rate).  Regarding  stability,  we  as¬ 
sume  there  is  only  a  10  percent  chance  that  controlled  vehicles 
will  be  as  stable  as  Level  1,  and  similarly  a  10  percent  chance  that 
the  program  will  produce  vehicles  as  p)Oor  as  Level  4.  The  result 
is  likely  to  be  somewhere  in  the  middle,  and  we  assume  a  40  per¬ 
cent  chance  of  Level  2  and  a  40  percent  chance  of  Level  3. 

In  this  particular  calculation,  the  likelihood  of  different  sta¬ 
bility  levels  is  assumed  to  be  independent  of  the  cost  of  the  pro¬ 
gram.  As  the  layout  of  the  table  and  of  Figure  1  imply,  more 
complex  assumptions  are  possible.  It  may  be,  for  example,  that 
if  the  cost  turns  out  to  be  at  the  high  end  of  the  range,  then  the 
vehicles  would  be  expected  to  be  more  stable  than  if  costs  are 
low.  (One  also  can  argue  the  opposite.)  Based  on  information 
available  to  date,  however,  the  assumptions  in  Table  6  appear  to 
be  the  most  reasonable,  and  for  policy  EST  they  result  in  an  ex¬ 
pected  value  of  .39  for  the  Weighted  Index  of  Reduction. 

The  last  column  of  Table  6  presents  a  rough  estimate  of  the  de¬ 
gree  to  which  the  current  objectives  of  the  Clean  Air  Act  would 
be  achieved  under  the  various  policy  options.  It  gives  the  weighted 
reduction  in  all  three  pollutants,  stated  as  a  fraction  of  their 
1971  levels,  the  reference  point  of  the  act.  The  measure  is  cal¬ 
culated  for  the  1985-1989  period  to  see  the  results  of  each  option 
after  a  decade  —  long  enough  to  achieve  the  full  degree  of  control 
inherent  in  the  pjolicy.  Under  the  assumptions  just  presented  the 
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established  policy  would  yield  a  69  percent  reduction  in  this 
period  —  still  around  20  percent  short  of  the  objective. 

Next,  the  table  shows  the  same  analysis  for  a  program  with 
enforced  maintenance,  EST/ENF.  The  relative  likelihood  of 
different  levels  of  cost  and  stability  are  assumed  to  be  the  same 
for  established  policy,  and  once  again  the  table  shows  the  expected 
costs  and  effects  in  the  right-hand  columns.  Two  points  are  worth 
emphasizing  about  the  analysis  of  a  maintenance  program.  First, 
by  assuming  that  the  probability  of  different  stability  levels  is  the 
same  as  for  a  program  without  maintenance  (.l,.4,.4,.l),  we  essen¬ 
tially  assume  that  the  manufacturer’s  basic  vehicle  design  is  not 
significantly  influenced  by  the  maintenance  program.  (Of  course, 
cars  spend  less  time  in  the  higher  emitting  state  and  therefore 
pollute  less,  as  indicated  by  the  increase  of  the  Weighted  Index  of 
Reduction  from  .39  for  EST  to  .50  for  EST/ENF.)  And  second, 
by  assuming  a  maintenance  program  that  essentially  makes  cars 
like  new,  the  analysis  is  based  on  extremely  favorable  assumptions 
about  the  performance  of  the  service  sector.  On  balance,  the  sec¬ 
ond  is  by  far  the  more  significant  bias,  and  if  anything  the  analysis 
is  tilted  tn  favor  of  maintenance  schemes.  This  should  be  kept  in 
mind  in  assessing  the  results  and  conclusions. 

Table  6  also  presents  assumptions  for  EST/ALT,  and  the  re¬ 
sulting  {>erformance  indicators.  Regarding  costs,  recall  that  the 
probabilities  shown  are  for  the  cost  of  controls  during  the  1975- 
1980  period  only,  and  that  the  cost  of  vehicles  powered  by  the 
alternate  low-polluting  technology  has  been  set  at  a  high  level 
throughout  the  analysis.  Thus  the  analysis  purposefully  is  biased 
against  the  options  involving  advanced  technology,  and  once  again 
this  should  be  kept  in  mind  when  considering  the  conclusions. 

Finally,  the  table  presents  analyses  of  solutions  based  on  relaxed 
standards:  the  case  with  relaxation  (REL)  and  the  option  involv¬ 
ing  relaxation  coupled  with  a  shift  to  alternate  technology 
(REL/ALT).  The  calculations  for  these  options  incorporate  as¬ 
sumptions  about  gains  in  stability  with  relaxation  in  the  emis¬ 
sions  standards  mandated  for  1975  and  1976.  We  assume  there  is 
no  chance  whatsoever  that  stability  will  be  as  bad  as  Levels  3  or 
4,  and  that  there  is  about  a  50  percent  chance  that  stability  may  be 
as  good  as  Level  1.  If  anything,  these  are  optimistic  assumptions 
about  vehicle  stability  under  the  relaxed  emissions  controls. 


571 


^  80 


nS? 

0^ 

*n 

o 


70 


ca 

r  60 

8 

o 

E 
o 

k. 

o> 
o 


50 


I  40 


1 

i  30 

Q. 

X 

LU 


EST/ENF 
(.79)  • 


I  EST/ALT 
^  (.88) 


EST 
(.69)  • 


REL/ALT 

(.85) 


REL 

(.55) 


.10  .20  .30  .40  .50  .60 


Expected  Weighted  Index  of  Reduction 
Figure  4.  expected  outcomes  under  alternative  policy  options  for 

REASONABLE  ASSUMPTIONS  ABOUT  PROGRAM  COST  AND  STABILITY  OF  VEHICLE 
EMISSIONS  (table  6). 


In  order  to  discuss  these  results  it  is  helpful  to  represent  the  data 
in  the  last  three  columns  of  Table  6  in  graphical  form.  This 
is  done  in  Figure  4.  Each  of  the  five  policy  options  is  plotted  with 
cost  on  the  vertical  axis  and  emissions  reduction  on  the  horizontal. 
The  numbers  in  parentheses  show  the  emissions  reduction 
achieved  by  the  198^1989  period,  stated  as  a  fraction  of  1971  lev¬ 
els.  The  best  place  to  be  on  this  diagram  is  as  far  down  toward 
the  lower  right-hand  corner  as  possible,  for  movement  in  that 
direction  means  more  clean-up  at  less  cost. 

The  results  are  striking.  First  of  all,  the  option  of  relaxing 
standards  and  switching  to  alternate  technology  clearly  dominates 
the  current  policy.  It  provides  a  greater  expected  reduction  in 
emissions  over  the  1975-1989  period,  and  at  an  expected  cost 
saving  of  around  $8  billion  in  present  value  terms.  It  also  more 
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closely  approaches  the  90  percent  objective.  It  is  better  in  every 
dimension,  and  recall  that  the  cost  analysis  is  purposefully  biased 
against  alternative  technology. 

What  about  enforced  maintenance?  As  Figure  4  shows,  the  op¬ 
tion  EST/ENF  does  achieve  a  greater  emissions  reduction,  at  a 
price.  But,  once  again,  this  policy  is  dominated  by  the  option 
with  established  standards  for  the  1970s  and  a  shift  to  alternative 
technology  in  the  early  1980s.  EST/ALT  has  a  higher  expected 
Weighted  Index  of  Reduction  and  an  expected  cost  advantage 
of  over  $6  billion. 

The  relationship  between  EST/ENF  and  REL/ALT  is  not 
one  of  dominance,  but  the  clear  preference  between  the  two  is  for 
REL/ALT.  It  achieves  tremendous  cost  savings  (around  $20 
billion)  with  only  a  small  (4  percent)  loss  in  pollution  reduction 
over  the  1975-1989  period. 

At  this  point  let  us  pause  to  draw  the  obvious  conclusion.  The 
established  policy,  either  with  or  without  maintenance,  is  dom¬ 
inated  by  options  involving  alternative  propulsion  technologies. 
Hence  to  the  extent  that  this  framework  of  assumptions  holds, 
there  is  a  clear  advantage  to  the  economy  and  to  the  breathing 
public  to  prepare  for  this  shift.  Today,  the  federal  government’s 
annual  expenditure  on  alternative  propulsion  technology  is 
around  $5  to  $8  million  per  year.  The  expected  cost  saving,  in 
present  value  terms,  of  a  shift  to  a  clean  alternative  is  a  thousand 
times  that  amount  —  and  with  clearer  air. 

The  analysis  also  strongly  indicates  that  large-scale  systems  of 
vehicle  inspection  and  enforced  maintenance  are  not  a  good  idea, 
even  under  very  optimistic  assumptions  about  their  performance. 
The  difficulties  and  high  cost  of  regulating  one  hundred  million 
individual  motorists  are  so  great  that  it  is  evidently  better  to  insist 
on  a  stable,  clean  vehicle  to  begin  with  —  even  at  some  considerable 
cost  in  development  and  manufacturing. 

What  about  relaxing  standards  to  save  money?  The  saving  is 
great,  as  Figure  4  shows,  but  so  is  the  increase  in  emissions.  This, 
even  with  very  optimistic  assumptions  about  stability  gains  with 
a  loosening  of  controls.  The  expected  value  of  the  Weighted  In¬ 
dex  of  Reduction  is  only  .24,  and  expected  total  emissions  at  the 
end  of  the  1980s  represent  only  a  55  percent  reduction  below 
1971  levels.  One  can  argue  at  great  length  about  the  validity  of 
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ambient  air  quality  standards  and  the  true  health  damage  from 
automotive  emissions,  but  it  would  be  our  judgment  that  the 
nation  is  unlikely  to  accept  this  result,  which  after  15-20  years 
of  effort  would  still  leave  a  palpable  air  pollution  problem  in 
many  areas  of  the  country. 

The  choice  between  REL/ALT  and  EST/ALT  is  more  dif¬ 
ficult.  Between  the  two  there  is  a  trade  off  between  cost  and 
cleanup;  neither  one  dominates  the  other.  The  incremental  cost 
of  the  additional  reduction  to  be  gained  by  the  movement  from 
REL/ALT  to  EST/ALT  is  high,  as  might  be  indicated  by  the 
slope  of  a  line  drawn  between  the  two  points.  On  the  other  hand, 
there  is  an  argument  in  favor  of  EST /ALT  that  is  not  captured  by 
this  analysis  based  on  the  expected  values  of  costs  and  emissions. 
The  analysis  assumes  that  the  transition  to  alternative  technology 
can  actually  be  brought  about  —  which,  of  course,  it  would  be  if 
the  problem  were  taken  as  a  major  national  priority.  But  if  there 
is  a  chance  that  Detroit  might  successfully  resist  a  proven  alterna¬ 
tive  technology,  even  if  it  were  clearly  superior  from  a  public 
point  of  view,  then  REL/ALT  and  EST/ALT  differ  greatly. 
Under  the  REL/ALT  option,  if  the  advanced  technology  is  not 
actually  marketed,  then  you  get  the  result  that  relaxed  standards 
would  produce.  To  stick  with  the  established  standards  during 
the  interim  period,  while  an  alternative  is  being  prepared,  is  a 
hedge  against  a  failure  in  implementation  at  a  later  stage. 

Optimistic  Assumptions.  What  if  one  thinks  that  the  assump¬ 
tions  in  Table  6  are  too  conservative,  and  that  it  is  much  more 
likely  that  current  efforts  will  succeed,  and  that  the  technical 
trade-offs  inherent  in  the  ICE  will  be  broken?  For  the  true  be¬ 
liever,  we  recalculate  the  estimates  using  assumptions  that  should 
satisfy  the  most  optimistic  observer.  The  data  shown  in  Table  6 
are  revised  to  reflect  the  assumption  that  under  current  policy 
there  is  a  70  percent  chance  that  vehicle  stability  will  be  as  good 
as  Level  1  and  that  the  chance  of  stability  being  at  Level  2  or  bet¬ 
ter  is  around  90  percent.  Furthermore,  we  assume  that  if  stan¬ 
dards  are  relaxed  there  is  a  90  percent  chance  of  getting  Level  1 
stability. 

No  doubt  these  are  incredibly  optimistic  assumptions.  Yet  the 
conclusions  we  drew  from  the  former,  more  reasonable,  set  of 
assumptions  are  unaffected.  Figure  5  presents  the  plot  of  results. 
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Figure  5.  expected  outcomes  under  alternative  foucy  options  for 

REASONABLE  ASSUMPTIONS  ABOUT  PROGRAM  COST  AND  EXTREMELY  OPTIMISTIC 
ASSUMPTIONS  ABOUT  VEHICLE  STABILITY. 


Once  again  the  policies  involving  alternative  technology  (REL/ 
ALT  and  EST/ALT)  are  clearly  superior  to  the  two  versions  of 
established  policy.  EST/ALT  dominates  EST/ENF,  as  before 
(that  is,  it  is  better  in  both  dimensions).  REL/ALT  no  longer 
dominates  established  policy  (EST)  because  the  expected  Weighted 
Index  of  Reduction  for  the  EST  policy  is  now  better.  But  it  is 
only  very  slightly  better  (one  percentage  point).  So  even  with  ex¬ 
tremely  optimistic  assumptions  about  the  stability  of  controlled 
ICE-powered  vehicles,  the  advantages  of  a  shift  to  alternative  tech¬ 
nology  remain  clear  (though,  of  course,  less  dramatic  than  under 
more  reasonable  assumptions  about  expected  stability).^*^  The 

2B  Once  again,  it  is  possible  to  make  still  other  assumptions  about  stability,  al- 
thou{^  it  strains  the  imagination  to  consider  assumptions  more  favorable  than  those 
behind  Figure  5.  And  one  could  make  alternative  assumptions  about  the  relative 
likelfliood  of  different  cost  levels,  although  it  would,  as  argued  earlier,  take  basic 
revisions  in  the  entire  framework  to  threaten  the  results  arrived  at  here.  For  the 
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policy  of  simply  relaxing  sundards  (REL)  still  looks  unacceptable. 

On  balance  the  esublished  policy  appears  to  be  on  the  wrong 
track.  Even  with  the  assumptions  loaded  in  its  favor  it  cannot 
be  expected  to  meet  the  objectives  of  the  Clean  Air  Act  and  is 
not  an  efficient  solution  for  the  over-all  economy.  Moreover,  this 
situation  cannot  be  remedied  by  rigorous  implementation  of  the 
enforcement  provisions  now  set  forth  in  the  legislation.  The  at¬ 
tempt  to  crack  down  on  an  inherently  unstable  technology  with 
elaborate  enforcement  procedures  would  be  an  immensely  ex¬ 
pensive  exercise  in  frustration. 

If,  as  now  appears  to  be  the  case,  the  government  is  serious 
enough  about  its  objectives  to  contemplate  gasoline  rationing  in 
Southern  California  and  severe  traffic  controls  in  the  nation’s 
capital,  then  it  ought  to  be  serious  enough  to  attend  to  the  basic 
flaws  in  the  regulatory  machinery.  The  standards  and  deadlines 
are  producing  a  highly  questionable  technical  approach  to  emis¬ 
sion  control.  At  a  bare  minimum,  serious  effort  ought  to  be  de¬ 
voted  to  preparing  a  more  appropriate  technology. 


reader  who  wants  to  tiy  his  own  estimate,  all  the  necessary  data  are  provided.  The 
costs  are  shoam  in  Tables  3,  4  and  5;  the  effects  are  laid  out  in  Table  2.  Following 
the  format  of  Table  6,  one  can  try  any  set  of  assumptions  he  wants  and  see  how 
the  answen  come  out. 
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Since  the  article  was  published  the  price  of  oil  has  risen  dramat¬ 
ically,  the  security  of  its  supply  has  been  threatened,  and  the  Nation’s 
concern  for  efficiency  in  the  use  of  fossil  fuels  has  increased  acco^- 
ingly.  In  addition,  tinere  has  been  a  great  deal  of  technical  discussion 
about  the  desirability  of  maintaining  the  veir  strict  NO.  standard  set 
iinder  the  Clean  iUr  Act  An^ndments.  I  would  like  to  argue  that  these 
recent  developements  on  balance  irtiengthen  rather  than  weaken  the 
original  argument,  that  the  Federal  Government  must  play  a  critical 
role  in  bringing  aJ^ut  the  demrable  technical  development,  and  that 
with  some  quaHfication  H.&  10392  provides  a  promising  means. 

The  essential  point,  I  believe,  is  to  realize  that  the  most  serious 
difficulties  in  developing  alternative  automotive  propulsion  systems 
are  tedmical  or  even  strictly  economic.  Tliey  are  organizatimial  and 
political.  Let  me  elaborate  on  that  theme. 

When  my  colleagues  and  I  began  our  review  of  the  problem  of  auto¬ 
mobile  emission  control  in  early  1971  we  immediately  observed  that  the 
automobile  manufacturers  were  conducting  very  large  research  efforts 
but  that  thOT  were  focusing  these  efforts  m  a  very  unpromising  tech¬ 
nical  area,  'fney  were  attraapting  to  control  the  bemc  internal  combus¬ 
tion  engpe  (the  ICE  in  the  vernacular  of  the  tradel  by  using  catalytic 
devices  in  the  eochaust  steam  and  by  a  number  of  cnanges  in  the  com¬ 
bustion  process  requiring  relatively  rich  air-to-fuel  ratios.  With  this 
kind  of  technology  the  manufacturers  faced  severe  trade-offs  between 
some  basic  engine  parameters;  namely,  (1)  HC  and  CO  emission  rates, 
(2)  NOx  emission  rates,  (3)  fuel  economy,  and  (4)  power  output  and 
stability  of  the  engine.  We  observed  that  it  would  be  possible  to 
diminm  these  trade-offs  by  us^  substantially  differ^  engine 
technologies — ^Bankine  cycle,  elective  drive,  stratified  chan^  and  the 
use  of  gaseous  fuels  are  readily  ^entified  as  promising  alternative 
The  companies  were  not  conducting  a  very  serious  research  effort  in 
these  broader  areas,  however,  as  measured  against  their  primary  focus, 
and  as  a  result  the  technical  response  to  the  Clean  ^r  Act  promised 
to  be  a  very  unhappy  one.  That  judgment  is  substantially  corroborated 
by  the  Committee  on  Motor  Vehicle  Emissions  of  the  National  Acad- 
en^of  Sciences.^ 

There  are  a  number  of  reasons  why  the  manufacturers  have 
responded  to  the  Clean  Air  Act  Li  a  way  which  seems  quite  unfor¬ 
tunate  when  judged  from  the  perspective  of  public  policy : 

(1)  Apart  from  its  emissions  and  now  fuel  consumption,  the  ICE  is 
a  very  successful  engine  well  adapted  to  the  American  market.  Its  dis¬ 
advantages  (this  is,  social  costs)  are,  in  the  economist’s  sense,  external 
to  the  market  in  which  the  manufacturers  operate. 

(2)  The  automobile  companies — ^particularly  the  leader  General 
M<kors — ^have  habitually  made  rater  low  investments  in  basic  research 
and  technology  and  have  concentrated  instead  on  production  efficiency 
and  marketing. 

(3)  In  order  to  control  variation  in  short-term  sales  the  manufac- 
turem  strongly  prefer  to  constrain  the  pace  of  technical  change — 
making  only  marginal  changes  in  basic  technology  from  year  to  year. 
The  market  is  a  tacitly  organized  one.  Severe  depressions  in  short-term 


_ *  Brport  by  the  Committee  on  Motor  Veblele  Bmlulons,  National  Academy  of  Sciences, 

Washlniton,  D.C.,  1978. 
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sales  lasting  more  than  a  couple  of  3reara  could  lead  to  the  failure  of 
one  or  both  of  the  marginal  firms  and  theoretically  could  precipitate 
antitrust  action  ag^nst  General  Motors.  Whether  realistic  or  not  that 
sctoario  is  feared  in  Detroit. 

(4)  Internal  financial  crmtrol  procedures— particularly  in  General 
Motors — make  it  virtually  impossiUe  for  divimon  managers  to  under¬ 
take  serious  research  and  devei<^ment  investments  whidi  will  not  pro¬ 
duce  a  finandal  return  within  2  or  8  yeus.  TUs  excludes  most  if  not  all 
of  the  broader  teobnical  options. 

(6)  'l%e  central  techni^l  centws  where  research  oo.  advanced  power 
ayateins  has  been  imdertakto  are  deliberately  kept  s^iarate  from  the 
product  divimmis  which  actually  produce  and  market  vehicles.  The 
technical  centers  cannot  initiate  a  i»oduot  line  and  their  research  has 
served  mostly  to  numkor  possible  long-ran^  technical  competition. 

(8)  The  dMdfines  impoM  by  tlw  dean  iur  Act  were  strict  enon^ 
that  most  of  the  teduaw  community  conceded  that  it  would  not  oe 
possible  to  meet  them  with  anvthiim  but  an  ICE  based  technology. 
Thus  the  paxtiralar  character  of  the  dean  Air  Act  reinforced  the  basic 
tenden^  of  the  industry. 

In  order  to  overcmne  these  fundamental  forces  for  tedmiad  omser- 
vatism  I  bdieve  that  it  is  both  necessary  and  proper  for  the  govern¬ 
ment  to  perform  two  functions:  (1)  to  absmb  some  of  the  risk  involved 
in  long-range  technical  investment— as  it  has  done  for  other  sectors  of 
American  mdostry  and  (2)  to  play  a  critical  but  temporary  role  in 
organizinga  drift  of  the  maricet  to  a  new  technology.  Let  me  comment 
tomfly  on  HJR.  10892  in  these  terms. 

First  there  is  the  matter  of  mcmey.  I  think  it  is  important  to  realize 
that  mudi  of  the  basic  research  in  this  area  has  dready  tskrai  place. 
Although  there  is  a  great  deal  yet  to  be  learned,  the  piwlem  is  more 
than  tl^  of  moving  from  researdi  prototopes  to  marketable  vefaides 
than  of  making  tecmiicd  breakthroughs.  As  the  members  of  this  cinn- 
mittee  well  know,  devek^ment  costs  tend  to  increase  dramatically  at 
the  advanced  stages.  The  major  American  manufacturers— General 
Motors,  for  example — seem  to  be  spending  well  into  the  hundreds  of 
miliums  of  ^dlars  a  yew  on  tlmir  current,  hig^y  focused  efforts 
directed  primarily  at  emission  control.  Premmumly,  a  more  radical 
effort  invdving  a  complete  vxhide  redesign  would  cost  more.  Also, 
though  cost  estunates  vary  widdy,  it  semns  dear  that  the  emimon  ccm- 
trol  effott  will  cost  the  American  eccmomy  many  tens  of  billi<ms  of 
dollars  over  the  15-yesr  period  from  1975  to  199(1.*  The  difference  in 
the  effideiuy  of  aHemative  tedmolc^ies  can  be  expected  to  be  the  tens 
of  lnlli<ms  as  well.  In  this  context  the  $80  million  authorization 
included  in  this  Inll  seems  very  small  indeed.  Assuming  that  it  was 
not  ailntrarily  choeob— that  it  is  a  politically  palatable  figure — ^it 
frankly  seems  to  me  to  be  a  sign  that  the  goi^mment  still  has  not 
grwmed  the  magnitude  of  the  prbblon  that  it  is  dealing  with. 

Ine  second  issue,  the  matjter  of  direction,  is'  mcte  subrie,  and  here  the 
virtues  «f  HJt.  10892  wouM  depenff  very  much  on  how  NASA  imple¬ 
ments  its.niandite.  It  is  a  teasMiable  axioin  of  this  business  that  for  the 
forcseesMe  future  whatever  autcxnobile  is  produced  for  the  American 
oiMisamer  will  be  produced  by  the  four  major  American  manufiacturers 
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niio  hftVB  gcoMtUy  oontroUed  over  80  percent  of  the  market.  N«ther 
fueigB  omupetitorB  Miv-more  remotely^^l^w  uitraiits  into  the  mar- 
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oi  inducing  theee  piracalar,  very  large  omnizations  to  undergo  a 
more  foaduaental  technical  change  titen  ia  lu^y  to  happen  natoraUy. 


The iasoe  kin  the  iMoductdivieioiis  of  the  major  compames;  it  is  their 
technology  irfiich  must  change,  their  deagn  and  production  procees 
which  must  be  preempted.  I  bebeve  that  if  the  promem  k  to  be  solved 
the  currmt  manufacturers  will  have  to  undertake  most  of  the 
advaneed  development  work  themselves  and  that  all  of  them  will  have 
to  make  snjktantisljk  the  same  technical  choices  under  subetiuitially 
the  same  time  acheaulB.  They  cannot  kgaUv  or  practically  do  thk 
under  current  competitive  arrangemwita.  Ihe  roie  of  the  ^vem- 
mmit— »d  of  NASA  if  it  k  to  be  the  Qovemment’s  agent— is  to  aid 
in  the  tedmical  choioe,  but  even  more  to  act  as  coordinator,  to  insure 
that  technical  developinents  have  integral  prodoction  and  maiheting 
plans,  to  ceiforee.an  oraerly  transition. 

The  questaoiy  I  would  rak^  the^  are  clear.  Can  NASA  ocmceive  of 
itself  in  thk  kind  of  a  rdet  Can  it  effect  the  necessary  change  Li  its 
industrial  dkntat  Can  it  conduct  the  program  on  a  temporary  basis 
and  withdraw  from  active  involvement  mice  the  transition  hm  been 
effected Would  Congress  as  a  whole  affirm  such  a  program?  I  do  not 
Imve  answers  to  these  question&  I  am  predkpoeed  to  b^vethat  poei- 
tive  answsn  are  paesime  but  1  think  a  realistic  appraiiwl  k  necessuy. 

Since  the  approach  I  have  idntched  out  raises  hackles  in  some 
let  me  ttv  to  introduce  and  briefly  answer  a  few  pzominept 
hi^mis  and  perhaps  provide  a  lead  for  your  questirais. 

First,  I  have  acacGunic  odUeegues  who  argue  that  the  Government 
^ould  confine  to  general  rogulatnui  and  should  not  become  involved 
in  details  such  as  the  chmce  of  a  specific  autmnotive  technology.  Under 
the  proper  inosutivee,  they  argue,  the  market  will  find  the  optimal 
technology  and  they  suggest  setting  incentives  sudi  as  graduated 
tuee  on  emission  and  fum  ccmsumption.  Though  I  favor  such  incen- 
tives,  I  do  not  think  they  are  ad^uate  in  and  of  themselves.  The 
automobile  oonqienies  are  very  large,  very  complex  orgsniutions  who 
do  not  simply  and  neatly  behave  like  eomomic  maximizers.  Since 
iames  of  pul^  oon^uence  are  at  stake  in  their  technical  de- 
ckioos  I  believe  it  k  appropriate  for  the  Chivemmaiit  to  monitor  those 


decisions  in  detail,  and  T  do  not  believe  that  such  activity  vitiates  the 
advantages  of  market  oiHnpetitimi. 

A  second  objecti<m  k  that  riie  emjsaionB  standards— particularly 
the  NOs  standazd>^-«re  unreaecaiably  ■  restrictive  and  that  an  adjust¬ 
ment  of  the  stanhu^  will  allow  cost  and  efficiency  gains  without  the 
great  effort  required  to  change  techndogy.  Tlioee  who  mate  thk  point 
naturally  enoi^  point  to  the  current  problema  of  energy  supply  and 
aigne  timt  we  shmiM  now  value  efficient  in  fuel  consumptum  rela- 
tivriy  oaore  and  emkstmis  control  rdati^y  lees.  Thk  k  a  question 
whim  tunis  upcm  rdative  magnitudes.  Without  engamng  in  a  long 
tedinlcri  dkec^op  let  me  nmke  a  sipumary  rejoinder.  Even  granting 
tte  viomus  adjuBtinents  of  the  NOs  stgnwd  which  have  been  pub- 
li<uy  defended  in  any  objective  detail,  the  standard  would  lie  in  the 
range  0.8  to  1.5  gruns/mile  and  the  most  reasonable  standard  prob¬ 
ably  weald.lall  in  thaareaof  liO-lA  grasaa/mUe.  Thk  is  still  reimc- 
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tiTB  «D<ni||b  to  cMiM  mnom  dificok^  for  the  ICE  end  to  put  a  oon.* 
sidraeUe  Dorden  on  a^rte  to  achieve  gains  in  foal  economy.  Tlw 
effect  of  the  snorgy  onsis  it  seems  to  me  is  to  give  even  greater  weight 
to  the  overall  objective  of  achieving  a  fondasaentaU j  more  tovorule 
technokigy,  one  wUch  dees  not  impose  such  severe  tradeoffs  between 
emissions  control  and  fuel  efficienr^.  Our  current  difimilties  in  insur¬ 
ing  gasoline  simply  reasonabile  prices  give  all  the  mMB  reasmi  to 
ooidemplato  qmte  aeriously  a  basic  change  in  automotive  technology, 
diffictdt  as  thK  ^ooess  mimd  be. 

Let  me  just  say  very  briefly,  parenthetical  to  n^  statemeid  that 
I  talked  about  NASA,  in  the  statement  as  the  agent  of  the  Qovem- 
m^’s  role.  I  reaMae  toat  is  probaUy  not  what  the  authors  had  in 
mind.  You  had  mote  in  mind  having  NASA  midertake  basie 
devdoiment,  and  l  underatand  that.  I  said  what  I  did  to  enmhasiae 
that  I  really  do  think  the  problem  is  at  advanced  stages  of  ^vekqp- 
ment  and  that  NASA  is  a  oonceivaUe  locus  tor  this  joh  NASA’s 
great  advantage  is  that  it  does  have  both  congressional  and  broader 
l^lie  trust  as  a  todmical  agei^.  Pwdi^ps  no  other  agem^  in  tlw 
Qovemment  match  its  teSbmkal  reputation.  I  do  believe  that  the 
problem  here  is  achieving  a  technical  omsensus  within  the  oonntry  as 
to  whkh  of  tlm  oonteiuunff  technologies  really  ou^t  to  be  chosen. 
I  think  that  is  a  very  diffiemt  protdem.  We  dk>  not  have  anything  like 
a  consensus  at  the  mossent.  I  toink  that  the  one  agency  which  might 
be  able  to  achieve  tost  would  be  NAj^.  Oi  the  outer  oand,  it  womd 
r^uire,  I  believe,  that  th^  free  themaelveB  from  primary  raentifica- 
tkm  with  gas  turbine  enginee.  As  to  whether  they  can  really  do  that, 
I  leave  the  queetioa  to  you. 

Mr.  Bnoww.  Thank  you  very  mudh,Dr.  Steinbruner. 

I  wish  thkt  the  Congrees  had  the  abihty  to  view  objectively  and 
achieve  solutkms  to  prddems  in  the  same  way  that  Hazard  doee.  I 
am  afraid  we  are  far  irmn  that. 

Do  you  have  any  questions,  Mr.  Symington  ? 

Mr.  SnnnroTON.  Thank  you,  Mr.  Brown. 

I  omnpliment  you  on  your  statement,  as  weU.  You  state  that  the 
auto  companies  because  of  thtir  {Moduct  line  ^proaoh  to  problem 
solving  most  take  the  lead  in  demcqiii^  the  innovative  process  to 
sltemative  modes.  I  think  jou  may  be  hmting  that  th^  ought  to  be 
relieved  of  amne  of  the  antitrust  implkstions  of  this  kind  of  a  search 
so  s  coordinator  from  the  outside  oemM  ssost  them  in  joint  efforts. 

Axe  you  suggesting  that? 

Dr.  SiTOTSTOwsa.  yo ;  I  think  thi^  is  slightly  off  of  what  I  meant 
to  say.  I  stated  they  have  historieallynot  technically  innovative. 
Yon  can’t  really  eqiect  them  to  be.  ihe  technical  innovatiems  are  aU 
about  yon,  is  you  have  seen  from  tiie  puade  of  witnesses  before  this 
cemimittee.  NcmetheleeB,  the  major  eompamee  are  the  cmes  who  will,  in 
mass  produce  aotomol^ee  for  the  American  market.  If  you  are 
going  to  mact  either  emission  controls  or  serious  efficiency  gams  you 
muet  change  thtir  technology;  that  is  where  tiie  ultimate  problem  is. 

What  I  am  styi^  is  that  technical  change  is  a  very,  v^  dif¬ 
ficult  problem.  This  is  a  large-scale  prodticticm  process  that  is  ciuite 
efficient  at  the  meunent.  It  does  have  a  good  product  other  than  umee 
defects  we  have  hem  fbcuting  cm.  We  are  ccmtemplating  here  a  massive 
industrial  reallocaticm,  and  i  don%  belkrve  it  is  going  to  be  brou|^t 


about  by  a  simple  taxing  schone^  or  by  the  impodtion  of  rigid  stand¬ 
ards.  I  think  the  Goremment  mil  have  to  play  a  coordinating  role, 
and  I  do  think  that  it  really  goes  far  beyond  antitrust.  1  don’t  thinlr 
that  u  the  only  reason  why . 

Mr.  SmnfCKTOir.  Gknng  book  to  your  statement  where  you  say  under 
current  competitive  arrangement — 

The  role  of  Ooverament— and  of  NASA  If  it  Is  to  be  the  Oovernnmit'B  aswtt — 
le  to  aid  in  tbe  teelnical  (dudeea,  tmt  even  more  to  act  aa  coordinator,  to  inanre 
that  technical  develoiunenta  have  integnl  pcodnctioa  and  marketing  plana,  to 
referee  an  o^derljr  tianaltiioa. 

I  don’t  know  whether  that  isn’t  getting  into  areas  that  one  would 
prefer  to  leave  in  the  i«ivate  sect<«.  It  seems  to  me  that  if  NASA 
has  anything,  it  is  a  sjebem.  approach  to  solving  certain  technical 
problems  and  scune  bright  people  woiidng  (m  them,  and  they  ought 
to  ^  to  woric  on  them  aiter  famiUarizmg  themselves  thoroughly 
mth  the  problmns  the  automobile  industry  has,  and  the  l^ds  of  things 

Sdo.  I  think  you  may  have  assigned  Gh>vemment  the  impossime 
and  you  have  given  the  industry  the  task  that  they  seem  to  feel 
they  can’t  meet  either,  if  you  can  judge  by  their  testimony;  namely, 
the  develt^Mnmt  of  the  engme. 

Dr.  SnoomRtrNXiL  It  is  a  vary  complicated  situation.  I  think  that 
much  what  you  my  is  right.  I  mink  what  we  must  recognize  is  that, 
first,  if  NASA  is  r^ricted  just  to  doing  technical  developments — 
pure  technology  or  just  down  line  from  that — it  is  not  going  to  have 
nroieh  impa<^  on  the  situaticm.  That  is  the  statement  No.  1. 

Second,  the  technical  choices  made  about  what  designs  actually 
will  be  p^uced  for  the  American  market  now  reside  in  Detroit. 
Those  choices  are  made  in  a  manner  inevitably  undervaluing  <he  prob¬ 
lems  of  emiwon  control  and  fuel  consumption.  We  cann^  expect 
Detitnt,  realistically  under  current  conditions  or  anything  like  them, 
to  make  the  proper  tecl^cal  choices  in  these  areas.  The  Government 
can  force  them  to  do  things,  but  what  they  do  as  I  think  we  are  now 
seeing,  we  are  not  likely  to  lite  from  a  public  point  of  view.  I  reach, 
I  will  admit,  a  very  provocative  ctmclusion  which  is  far  out  and  not 
likely  to  be  ^braced  by  the  middle  of  next  week  by  the  Congress. 
I  do  this  tiring  to  fiag  what  I  think  is  a  problem,  a  problem  occurs 
in  mwy  other  placm  m  the  economy.  There  are  some  fundamental 
technicu  choices  whidi  we  must  make,  which  do  involve  very  serious 
public  purposes,  but  which  nobody  at  the  moment  really  has  the 
mcentive  or  authority  to  make.  There  it  is. 

Mr.  Bboww.  Well,  I  would  suggest  that  there  are  two  possibilities 
which  would  make  your  su^;estioiis  feasible  in  the  middle  of  next 
week.  One,  the  Arabs  to  cooperate  by  cutting^off  our  oil  supply  again 
a^  secon^y,  a  lot  of  people  in  Washington,  D.C.  dropping  dead  irom 
air  pollution,  in  which  case  we  would  probably  move  ratKer  quickly 
along  the  lines  you  suggert.  I  wouldn’t  be  too  sure  one  or  the  other 
might  not  happen. 

Because  we  are  constrained  to  answer  the  bell.  Dr.  Steinbruner, 
I  shall  have  to  adjouni  the  meeting  at  this  time,  but  with  your 


wwKiMiuu,  we  lUMjr  wu»u  w  luixner  quesuons. 

jDiank  you  very  much  for  your  very  helpful  testimony. 
T^cmnnuttee  will  stand  adjourned  until  toe  call  of  the  chairman. 
[Whereupim,  at  12:25  pan.,  the  subcommittee  was  adjourned.] 
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to  1968,  as  a  member  of  the  Commerce  Technical  Advisory 
Board,  1  served  as  Chairman  of  the  Panel  established  by  the  Federal 
Government  to  study  the  auto  emissicm  problem  in  terms  of  technology 
and  economics,  with  particular  reference  to  the  development  of  alter¬ 
native  solutions  to  the  use  of  gasoline  powered  vehicles.  Subsequent 
to  the  publication  of  this  Panel's  report,  "The  Automobile  And  Air 
Pollution:  A  Program  for  Progress,  "  in  1967,  I  have  been  associated 
with  several  new  developments  which  might  offer  solutions  to  the  vehicle 
emission  problem. 

Scientific  Energy  Systems  Corporation,  of  which  I  am  Chairman 
and  a  Director,  is  a  prime  systems  contractor  to  the  Environmental 
Protection  Agency  under  its  program  to  develop  a  Rankine  cycle  steam 
powered  auto.  This  program  has  been  conducted  by  S  E  S  with  Exxon. 
Chrysler,  Bendix  and  Ricardo  Engineers,  Ltd.  as  subcontractors. 

As  President  of  the  M.  1.  T.  Development  Foundation,  Inc. ,  a 
charitable  corporation,  organized  and  controlled  by  the  Massachusetts 
Institute  of  Technology.  I  have  responsibility  for  developing  new  and 
innovative  mechanisms  for  expediting  the  transfer  of  technology  result¬ 
ing  from  M.  I.  T.  's  vast  research  activities  into  public  use.  to  this 
capacity  and  the  result  of  my  long  time  association  with  smaller  research 
oriented  industrial  organizations,  I  have  observed  the  extent  to  which 
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more  innovative  ideas  are  generated  outside  of  the  large  corporate 
establishment.  Ample  support  for  this  concept  was  developed  during 
a  study  group  of  the  O.  S.  Department  of  Commerce  which  resulted 
in  the  report,  "Technological  hinovation:  Its  Environment  and  Manage¬ 
ment.  January  1967.  "  As  stated  therein,  the  mercury  dry  ceU.  xer©:: 
graphy.  tungsten  carbide,  the  jet  engine,,  power  steering,  the  Polaro^ 
camera.  tCodachrome  color  fUm.  the  ball  point  pen.  FMrad^.  cata;^ 
lytic  of  petroleum,  the  cotton  picker,  penicillto.  were  typical 

contributions  of  Independent  inventors  and  small  organizations  m  the 
20th  Century. 

More  recent  and  significant  developments  in  the  automotive  area, 
such  as  the  low  emission  Honda  engine,  the  Japanese  and  German  Wankel. 
new  Stirling  engine  developments  in  Sweden.  Germany  and  Holland  have, 
likewise,  not  come  from  the  American  auto  industry,  itself.  This  is  not 
altogether  unexpected,  but  rather  is  consistent  with  the  pattern  of  other 
major  industries  which  are  primarUy  concerned  with  problems  of  pro¬ 
duction,  marketing  and  return  on  investment. 

The  auto  industry  as  a  whole  represents  in  many  ways  a  umque 
component  of  our  industrial  society  -  in  terms  of  size  and  employment, 
of  course,  is  a  large  proportion  of  our  national  GNP.  The  American 
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way  of  life,  and  to  a  growing  extent  our  quality  of  life,  is  tied  to  the 
auto.  Our  highway  system,  on  the  other  hand,  is  not  directly  funded 
by  the  auto  industry,  but  rather  by  the  State  and  Federal  Government. 

Environmentalists  tend  to  be  critical  of  our  auto  manufacturers 
becauise  of  their  neglect  in  the  emissions  area.  One  should  realize 
there  have  never  really  been  financial  incentives  for  the  industry  to 
either  deal  with  this  problem  or  that  of  fuel  economy.  Until  recently 
the  American  public  has  preferred  the  large,  chrome-plated  vehicles 
and  it  is  not  yet  clear  as  to  how  much  a  potential  auto  buyer  is  willing 
to  pay  for  his  own  low-polluting  car  or  one  with  low  fuel  consumption. 

In  most  areas  of  our  industrial  economy.  I  see  little  reason  for 
the  government  to  become  engaged  in  extensive  research  and  develop¬ 
ment  programs.  There  is,  for  example,  little  need  for  government 
funding  for  research  work  in  support  of  the  chemical  and  electronics 
industry  inasmuch  as  the  marketplace  provides  adequate  incentives  for 
industry  to  do  its  appropriate  job.  There  are,  however,  exceptions  to 
this  general  rule  in  such  cases  of  national  defense  or  in  areas  of  public 
interest  where  the  excessive  capital  or  technical  risks  demand  govern¬ 
ment  action.  I  am  afraid  that  the  auto  industry  also  falls  in  a  special 
category  where  a  well  coordinated  Federal  R/D  program  is  necessary 
if  we  are  to  most  effectively  solve  the  automotive  emissions  and  fuel 


problems. 
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In  the  final  analysis,  it  will  be  necessary  for  the  present  auto 
manufacturers  to  commercialise  any  new,  improved  propulsion  or 
vehicle  systems  which  may  evolve  from  government  support.  I  have 
no  illusions  as  to  the  ability  of  the  smaU  company  to  become  engaged 
in  the  mass  production  of  passenger  vehicles  with  the  attendant  problems 
of  capital,  facilities,  distribution,  servicing.  Without  a  well  managed 
and  appropriately  funded  Federal  R/D  activity,  some  time  wiU  be  lost 
in  the  adoption  of  our  new  ideas  and  the  government,  particularly  from 
the  viewpoint  of  its  regulatory  responsibility,  will  be  unable  to  appro¬ 
priately  assess  the  state  of  technology.  Only  by  such  a  national  effort 
will  it  be  possible  to  draw  upon  the  best  available  resources  found  in 
our  universities,  industry  and  government. 

In  the  President's  February  10,  1970  message  on  Environmental 

Quality,  he  stated  that; 

"I  am  inaugurating  a  program  to  marshal  both 
government  and  private  research  with  the  goal  of  pro¬ 
ducing  an  unconventional- powered,  virtually  pollution 
free  automobUe  within  five  years.  I  have  ordered  the 
start  of  an  extensive  Federal  research  and  development 
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program  in  unconventional  vehicles,  to  be  conducted 
under  the  general  direction  of  the  Council  on  Environ¬ 
mental  Quality.  “ 

Efforts  to  achieve  this  goal  have  been  inadequate  and  no  "exten¬ 
sive  Federal  research  and  development  program"  directed  towards  a 
"pollution  free  automobile"  has  been  implemented.  The  present  AAPS 
Program  is  definitely  limited  by  budget  constraints  and  has  recently 
been  substantially  reduced  in  scope.  1  am  unaware  of  Federal  support 
for  any  new  technology  that  offers  the  prospect  for  a  really  substantial 
reduction  in  fuel  consumption  in  combination  with  "virtually  pollution 
free"  engine  operaticm  as  the  President  said  would  be  inaugurated  under 
the  general  direction  of  the  Council  on  Environmental  Quality. 

In  spite  of  the  relatively  low  funding  level  of  the  present  AAPS 
Program,  I  believe  that  substantial  technical  progress  has  been  made 
during  the  past  year.  This  activity  should  be  incorporated  under  the 
proposed  ERDA  Research  Program  where  it  can  be  more  appropriately 
funded  and  integrated  with  other  energy  related  R  and  D  work. 

With  respect  to  HR  10392,  the  Bill  to  authorize  NASA  to  conduct 
research  on  ground  propulsion  systems,  I  believe  that  facilities  and/or 
experienced  personnel  within  the  NASA  organization  should  be  employed. 
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when  appropriate,  to  assist  in  an  over- all  R/D  activity  relating  to 
ground  propul8i<Hi  systems.  It  should  be.  however.  Federal  policy 
to  coitralize  all  authority  and  responsibility  for  a  total  energy  re¬ 
search  program  in  one  Agency,  i.  e. .  ERDA.  We  have  already  seen 
far  too  many  Government  Agencies  endeavoring  to  get  on  the  "Energy 
Bandwagcm"  in  an  effort  to  suppox^  people  atnd  facilities  which,  in  some 
instances,  may  very  well  be  unnecessary.  In  certain  areas.  NASA 
clearly  has  unique  expertise  and  an  established  reputation.  These 
resources  should  be  called  upcn  by  ERDA  in  the  same  sense  that  corres- 
p<mding  resources  of  government  and  industry  may  be  used  in  their 
integrated  program.  NASA  has  already  served,  for  example,  as  a 
useful  contractor  to  EPA.  but  the  principal  authority  and  responsibility, 
as  in  the  case  of  the  AAPS  Program,  has  rested  with  EPA,  itself. 

In  a  recent  Wall  Street  Journal  article,  1  noted  reference  to  the 
testimony  of  Donald  A.  Jensen,  which  he  apparently  gave  before  this 
Committee.  This  article  stated  thati  "poor  fuel  economy  is  cited  for 
Scratching  research  on  the  steam  engine, "  and  Mr.  Jensen  said,  "There 
are  unresolved  major  problems  which  are  also  severe.  We  found  the 
engine  to  be  extremely  complex  with  poor  thermal  efficiency.  " 

I  have  very  considerable  respect  for  Ford  Motor  Company  and 
the  technical  competence  of  Thermo-Electron  Corporation  which  has 
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received  financial  support  from  Ford.  Thermo  Electron  has  also  for 
some  years  been,  in  a  sense,  a  competitor  of  S  E  S  and  for  the  past 
few  years  has  been  one  of  the  three  EPA  contractors  developing  Rankine 
cycle  engines  for  use  in  automobiles.  S  E  S  was  recently  selected  by 
EPA  as  the  principal  contractor  in  competition  with  Thermo  Electron 
and  Aerojet  General.  1  believe  that  the  selection  of  S  E  S  was,  to  a 
large  extent,  a  result  of  the  simpler  design  which  our  company  has 
evolved,  its  lighter  weigh,,  potentially  lower  cost  and  better  fuel  economy. 

Neither  Thermo-Electron  Corp. ,  nor  Aerojet-General,  in  fact, 
used  "steam"  as  referred  to  in  the  Wall  Street  Journal  article.  Both 
organizations  employed  an  organic  chemical  which  in  vaporized  form 
was  used  as  a  propulsion  mechanism.  The  experience  of  SES  --  and 
this  would  appear  to  be  confirmed  by  its  selection  by  EPA  as  now  the 
principal  contractor  to  ttie  government  —  suggests  that  pure  water,  i.  e. , 
steam  as  a  working  fluid  has  many  advantages  (with  the  exception  of  the 
freezing  problem)  over  an  organic  chemical.  Because  of  the  thermo¬ 
dynamic  properties  of  the  organic  chemical  system,  the  size  and  weight 
of  the  engine,  the  vapor  generator,  valves,  plumbing,  feed  pumps,  and 
auxiliaries  tend  to  be  somewhat  larger  and  heavier.  The  efficiency  and, 
hence,  fuel  economy  of  any  Rankine  cycle  engine  is  directly  dependent 
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upon  the  maximum  temperature  of  the  working  fluid.  In  the  case  of 
the  organic  chemical  system,  used  by  Thermo  Electron  and  funded 
by  Ford,  there  is  an  operating  temperature  limit  imposed  by  the  in¬ 
herent  instability  and  resulting  decomposition  of  the  organic  fluid. 

In  the  case  of  true  steam,  temperature  limitations  are  imposed  not 
by  the  working  fluid,  but  rather  by  other  factors  such  as  lubrication 
problems.  The  SES  prototype  150  hp  engine  has  been  operating  for 
some  time  at  over  1,  000°F.  The  weight  per  hp  is  approximately  half 
that  as  reported  by  General  Motors  for  their  SE-101  steam  car.  Ex¬ 
tensive  full  power  dynamometer  tests  indicate  that  in  terms  of  fuel 
economy,  the  SES  steam  system  is  now  competitive  with  the  auto¬ 
motive  gas  turbine  and  that  additional  development  work  should  demon¬ 
strate  its  being  competitive  with  the  gasoline  engine  with,  of  course, 
greatly  reduced  emissions. 

It  is  important  to  recognize  that  the  favorable  costs  and  reliability 
of  the  gasoline  engine  are  a  result  of  many  years  of  continuous  improve¬ 
ment.  The  Rankine  cycle  steam  engine,  in  its  present  version  utilizing 
modem  technology,  has  yet  to  be  even  placed  in  production.  In  short, 
none  of  our  so-called  external  combustion  engines,  such  as  the  Rankine, 
Brayton,  Stirling,  or  light  weight  diesels,  have  had  the  advantages  inherent 
in  decades  of  design,  development  and  manufacturing  experience. 
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In  order  to  acquaint  you  more  fuUy  with  the  present  status  of 
the  AAPS  Program  of  EPA,  I  would  like  to'enclose  for  the  record 
comments  of  Jack  Vernon.  President  of  Scientific  Energy  Systems 
Corporation,  which  he  presented  at  the  EPA  AAPS  Coordination  Meet¬ 
ing  in  Ann  Arbor  on  May  10.  All  of  the  more  detailed  technical  reports 
of  this  EPA  activity  are.  of  course,  available  to  the  public. 
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CoaientB  by  Jack  Vernon,  President  of  SES 
At  the  EPA  AAPS  Coordination'  Meeting 
Ann  Arbor,  Michigan 
May  10,  1974 


It  is  a  pleasure  to  be  here,  and  I  think  it’s  a  tribute  to  EPA 
and  to  the  atanaGcment  of  the  AAPS  program  that  these  meetings  are 
regularly  attended  by  representatives  of  most  of  the  coupanles  in 
the  automotive  industry  -  both  U.S.  and  world-wide.  Also,  at  each 
Coordination  Keetlns  there  are  always  additional  people  sufficiently 
interested  to  come  and  llften  to  us  describe  our  successes  and 
failures.  These  are  on  display  at  each  session,  hopefully  in  a  manner 
that  maintains  high  credibility;  and  therein  lies  much  of  the  value  of 
the  entire  program. 

Today,  perhaps  more  than  any  previous  meeting,  you  will  hear  some 
impressive  things  about  Ranklne  cycle  engir.es.  I  think  this  applies 
to  data  we  have  to  present,  and  I  believe  it  also  is  trua  for  Thermo 
Electron,  for  tlic  report  on  the  California  Steam  Car  Program,  and  for 
the  Carters  who,  I  believe,  will  be  guest  speakers  thi.s  afternoon.  They 
have  achieved  some  remarkable  results  with  their  small  engine  in  a  W 
squareback. 

At  the  outset,  however,  let  ne  make  very  clear  that  this  is  not  to 
say  any  of  us  have  all  the  answers.  We  certainly  don't  and  "The  Industry" 
doesn't  need  to  worry  that  another  "power"  is  about  to  enter  the  auto¬ 
motive  lists. 

But  in  the  proper  context,  today's  results  are  significant. 

Consider,  for  example,  that  since  the  early  1900's  Stanley, 
White,  Doble,  Bessler  and  CM  has  each  done  his  or  its  thing  - 
soma  better  than  others,  but  generally  tine  has  brought  progress. 

Consider, that  the  EPA  AAPS  Program  is  only  3  years  old,  yet 
teal  additional  progress  seems  to  have  been  made,  continuing  the 
trend  toward  improvements  that  can  lead  to  a  competitive  engine. 

And  there  are  some  who  might  even  argue  that  progress  is  being 
Bade  at  an  accelerating  rate. 
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Consider)  finally,  that  none  of  the  engine  systems  at  present, 
by  any  stretch  of  the  Imagination,  qualifies  as  a  mature,  end 
product  of  full-fledgeO  development  program.  Each  of  players  has 
been  and  still  Is  operating  on,  relatively,  a  financial  shoestring. 
And  while  the  program  started  three  years  ago,  engines  have  been 
running  only  a  year  and  a  half. 

In  this  context,  Che  program  has  been  %n>rthuhlle,  and  we  think  SES 
hds  contributed  something  to  state-of-the-art. 

For  those  of  you  who  are  not  familiar  with  our  system,  In  a  very 
few  words  It  Is  a  4  cylinder,  135  cu.  In.,  unlflow  piston  engine.  In  a 
4600  lb,  car  using  water  as  the  working  fluid  and  Inlet  steam  at  1000*F 
and  1000  pal. 

Exhibit  1 
SES  PROGRAM  STATUS 

SYSTEM  PERFORMANCE  HIGHLIGHTS 

-  FUEL  ECONWIY  -  DEMONSTRATED 
14.9  MPG  AT  30  MPH 

-  OnSSIONS  -  WELL  BELOW  STATUTORY 
1977  STANDARDS 


The  most  significant  Item  we  have  to  report  Is  a  major  Improvement  In 
fuel  economy.  We  have  demonstrated  14.9  miles  per  gallon  at  30  mph,  which 
Is  right  on  the  projection  we  made  In  September,  1973  and  presented  at  the 
last  Coordination  Heeclng.  When  we  went  to  press  with  this  report,  we  had 
95  steady  state  test  points  on  the  pow..r  map  with  the  complete  system 
running  In  our  test  cell  on  an  engine  dynamometer.  But  In  addition,  last 
week  we  measured  losses  on  parts  of  system  where  design  modifications  are 
already  underway.  If  we  correct  only  for  those  measured  losses  that  we 
know  can  be  eliminated,  fuel  economy  at  30  mph  Is  15.4  miles  per  gallon. 

He  are  quite  confident  that  we  can  reach  18  mpg  at  30  mph  on  the  same  size 
ear  by  applying  what  we  now  know  In  redesigning  the  prototype  engine. 

The  emlssslons  goal  of  the  EPA  program  Is  50Z  of  1977  standards,  and 
our  results  are  6elow  that  EPA  goal.  I  would  like  to  point  out,  and  make 
very  clear,  that  our  emission  results  ere  analytical  projections  of  steady 
stato  tests,  but  with  provisions  for  the  effect  of  start-up,  shut-down  and 
transient  operation. 
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SKS  PHOCItAM  SIATOS 
DEVELOPMBff  TESTHIC 
O  ACCUMDIATED  TEST  HOURS 

-  SYSTEM  TESTING 

(CURRENT  BUIID  US)  391 

-  SINGLE  CYLINDER  '  847 

(OVER  30  HP  38) 

(RATED.  40  HP  2  1/2) 

(MAX  SINGLE  BUILD  200) 

-  VAPOR  GENERATORS  2035 

(MAX  SINGLE  BUILD  90S) 

-  PROTOTYPE  PUMPS  3930 

(MAX  SINGLE  BUILD  600) 

While  there  hae  not  been  nearly  enough  testing,  the  numbers , indicate 
that  this  is  no  longer  a  paper  engine.  If  one  converts  running  time  to 
■lies,  for  example,  we  estimate  that  the  present  expander  has  logged  about 
15,000  miles,  or  the  equivalent  of  five  trips  across  the  country.  The 
testing  program  has  accelerated  in  the  last  6-8  weeks  and  we  are  now  in  a 
"test  at  will"  mode  where  we  can  run  10-15  data  points  per  day. 

The  115  hours  has  been  logged  since  March  to  collect  test  points  on  our 
current  engine  configuration.  Again,  I  emphasize  that  this  is  a  complete 
.  power  plant. 

We  have  put  300  hra.  on  the  single  cylinder  since  the  last  Coordination 
Meeting  In  October.  The  2  1/2  hours  at  40  HP  is  not  a  lot  of  time,  but  It 
Indicates  progress  In  piston  design,  and  that  the  engine  can  be  operated  over 
Its  full  power  range.  Our  plans  call  for  more  full  power  testing  of  both  the 
single  cylinder  and  the  complete  system  over  the  maximum  power  envelope  during 
the  next  several  weeks. 

The  steam  generator  Is  pretty  weU  shaken  down  with  more  than  900  hours  on 
one  unit.  At  a  previous  meeting  we  described  tests  we  conducted  to  Investigate 
tolerance  to  oil  fouling.  He  added  engine  oil  at  the  condenser  and  after  170 
hours  sectioned  the  boiler  tubing  to  Inspect  It.  He  found  minimal  deposits,  and 
overall  results  of  that  artificially  severe  test  were  highly  satisfactory. 

On  the  feedpump,  the  3900  hours  Is  total  time  on  our  prototype  pumps.  He 
now  have  3  Identical  units  and  more  than  600  hours  on  one  of  these  -  e  single 
build  with  no  modifications. 
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Exhibit  3 

SBS  PEOCHAM  STATUS 

SOMMKY  OF  RECEMT  ACHIEVEHENTS 

-  AOTOHATIC  XEY  START  AT  ROOM  TEMPERATURE 
19  SECONDS  FROM  KEY  OH  TO  IDLE  STEAM 
COKDITIOHS  OF  500  PSI  AHD  500*F. 

-  XMPBOVED  PISTON  DEMONSTRATED  171  HOURS 
IN  SINGLE  CYLINDER  UP  TO  35  HP 

-  FREEZE  PROTECTION  DEMONSTRATION  OF 
CRITICAL  COIFCHENTS 

-  PUMP  -  COIDENSBR  -  SUMP 

Ha'vc  ■•da  very  good  progress  since  the  last  neetlng  on  the  control 
■ystea;  It  now  cequices  just  2  driver  inputs  -  key-on  and  power  deaend 
tram  the  accelerator.  We  have  produced  Idle  steam  in  19  seconds  from 
key-en;  we  predicted  20  seconds  at  the  October  meeting.  I  would  point 
our,  however,  that  this  was  Just  a  laboratory  demonstration:  the  test 
loop  was  gasoline  fired  with  the  electronic  control  module,  complete 
bumer/boller  package,  feedpump  and  throttle  valve  to  simulate  engine  load. 

He  have  been  working  on  the  2  piece  piston  increase  efficiency  througl 
lower  heat  loss  and  to  Increase  life.  Testing  on  the  single  cylinder  has 
gone  very  well  thus  far  with  good  results. 

Finally,  we  have  successfully  completed  a  series  of  tests  to  demon¬ 
strate  capability  of  operation  at  temperatures  below  freezing.  The  test 
Included  only  components,  i.e. ,  a  condenser  core  section,  Insulated  sump 
and  feedpump;  all  were  cycled  through  a  cold  soak  at  -  15*F,  started  and 
run,  shutdown  and  recycled. 


'  Although  we  certainly  have  long  way  to  go,  the  results  to  date  are 
encouraging  and  suggest  that  we're  moving  rapidly  up  the  learning  curve. 
They  also  give  us  reason  to  think  that  enough  further  improvepent  can  be 
made  to  bring  fuel  economy  into  line  with  spark  ignition  enclnes  -  with 
enlsslons  still  well  below  the  '77  standards. 
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Steam  Autouobili  Cltib  or  AicmoA,  Iiro., 

Wa»MHifton,D.O.,Junen,iin4. 

Hon.  Jambs  W.  Stmutoton, 

OhairmaH,  SuboommittM  om  Bpaoe  Belenee  and  AppHeatioiu,  Soute  Committee 
on  Science  and  Attronantiea,  Waehington,  D.O. 

Dbab  Corobbssmak  Stmutoior:  During  your  Snbconunittee’s  hearings  of 
June  11-18,  yon  recelred  testimony  from  lb.  Donald  A.  Jensen,  Director,  Anto- 
motive  Emission  Ofke,  Ford  Motor  Co. 

As  reported  In  the  attached  Wall  Street  Journal  story  of  June  18th,  his 
testimony  would  lead  both  your  Subcommittee  and  the  public  to  b^ere  that 
there  was  no  future,  antomotlTely  iveaking,  for  steam  power.  The  Steam  Auto¬ 
mobile  Club  believes  it  would  be  a  very  a^ous  miMake  to  take  Mr.  Jensen’s 
testimony  at  face  value. 

Tomorrow  morning,  June  18th,  yon  will  receive  testimony  from  the  J.  W. 
Carters  of  Burkbumett,  Texas.  Their  steam'iMwered  VW  ^uareback  Wagon 
is  the  first  and  on^  car  ever  to  meet  the  original  statutory  emission  standards 
set  by  the  Clean  Air  Act  Amendments  of  1870.  It  is  just  them  standards  that  the 
auto  Industry  is  now  clamoring  to  have  relaxed  by  conaxesslonal  action. 

The  attached  test  data,  obtained  at  the  EPA  laboratories  In  Ann  Arbor,  last 
month,  raises  very  grave  doubts  about  the  credibility  of  Mr.  Jensmi's  state¬ 
ments  before  your  Subcommittee.  The  Carter  car  not  only  easily  met  the 
statutory  standards ;  it  also  gave  very  respectable  fuel  econmny — ^14B  mpg— tor 
a  comjdetely  nnoptimlaed,  “oneKifr’  car.  This  car  has  accumulated  more  than 
4,600  road  miles,  has  a  top  speed  of  more  than  90  mph  and  operates  predsdy 
like  the  stoA  VW,  Indudlng  use  of  the  standard  4-speed  gearbox. 

On  the  basis  of  their  road  and  test  experience,  the  Carters  will  welcome 
questions  from  yon  and  your  colleagnes  on  any  and  all  of  the  “problems”  dted 
by  Mr.  Jensen  in  bis  appearance  betoee  yon.  We  would  also  like  to  call  your 
adentlon  to  the  toct  that  the  Carters  developed  this  car  without  a  penny  of 
Federal  funds  and  spent  a  tiny  fraction  of  the  |4  million  dted  in  the  artlde 
to  have  been  sport  by  Ford  and  of  the  $26  million  noted  by  BPA  in  thdr  new 
release  of  May  24tb  aimonncing  the  Carter’s  test  results. 

Yours  Is  not  the  first  congressional  committee  to  be  told  by  Detroit  that 
steam  power  has  no  future  for  the  nation’s  motorists.  From  tmnorrow  morning 
on,  we  beUeve  that  the  Carter’s  accomplishment  guarantees  that  this  argument 
will  never  again  be  taken  seriously  by  the  Congress  or  the  American  pidrllc. 

Sincerely  yours. 


BtmMxt  L.  Ltok, 

Preeident. 


[From  the  Wan  Street  Josmal.  June  18, 18T4] 

RAnam!  Bhrenis  OoKS  Wat  or  THB  Warxb.  AT  Food  Monm  Co.— PbOB  Fob. 

ScoiroMT  Is  Crnn  Br  Coroebit  zr  ScBAPPiRe  Besbaboh  or  Steam  Erbrii 

Ford  Motor  Co.,  which  recently  8Ctaiq)ed  research  on  the  Wankel  rotary  engine 
because  It  didn’t  think  the  «igdne  could  get  good  enough  fad  economy,  has 
scratched  the  Ranklne  cyde  steam  engine  off  Its  list,  apparently  for  the  same 
reason. 

It  is  estimated  Ford  put  over  $4  million  into  Banklne  research,  much  of  whldi 
was  carried  out  with  Thermo-Electron  Corp.,  a  Waltham,  Mass.,  (xuniNiny  ttot 
has  bear  working  <hi  steam  engines  tor  some  time. 

“We  found  the  engine  to  be  extremely  complex  with  poor  theoretical  thermal 
ettdeney”  which  would  "necessarily  result  in  poor  fuel  economy,”  a  Ford  oflldal 
told  a  congressional  sulbcommittee  in  Wasbingtem. 

Donald  A.  Jensen,  directw  of  Ford’s  automotive-Emlssions  office,  said  "llimre 
are  unresolved  major  problems  which  are  also  severe.  These  relate  to  cooling, 
packaging,  difficulty  in  obtaining  projected  cycle  elffdmides  and  engine  weight 
Since  these  problems  seemed  to  he  of  such  magnitude  as  to  make  this  power  dant 
unattractive.  Ford  has  dlscontinoed  its  program.”  Mr.  Jensen  said  much  of  Ford’s 
"recent  effort  had  been  directed  towards  testtng  a  model  of  a  Ranklne  cyde  engine 
in  a  Ford  car  to  determine  coding  air  requirements.” 

In  his  testimony,  Mr.  Jensen  also  repeated  Ford’s  previously  announced  posl- 
ti<m  on  the  Wankd  engine :  It  has  a  “poor  thermal  effidency  isroUem  which  has  re¬ 
sulted  in  a  fnd-ec<momy  penalty.  As  we  have  80Ujd>t  means  to  imivove  ec<momy, 
we  found  the  rotary  engine  to  rablMt”  higher  emissions  than  other  internal-com¬ 
bustion  engines,  be  said. 


Mr.  Jensen  was  testifying  before  the  House  Space  Science  and  AppUcattcms 
sabcominlttee,  which  was  holding  hearings  on  a  bill  that  would  give  the  National 
Aeronautics  and  Space  Administration  authority  to  develop  new  alternate  ground 
propulsion  systmns. 

I^imo-Blection  said  In  Waltham  it  is  continuing  development  of  its  BanUne 
cycle  engine,  but  with  new  emphasis.  “The  emphasis  for  the  past  six  months  had 
b^  mostly  nonautomotlve,  because  we  could  see  that  Fbrd  wasn’t  terribly  in¬ 
terested”  in  automotive  uses,  Thomas  Wldmer,  vice  presidmit,  said. 

Instead,  nmnno-BIectron  is  concentrating  on  “bottoming-cycle”  uses,  in  which 
waste  beat  from  another  engine  is  used  to  heat  the  Rankine  engine’s  boiler.  For 
example^  Ntunlkos  Ltd.,  a  Ixmdon  shipping  company  whose  president  is  a  director 
of  Thermo-Electron,  will  install  a  Rankine  engine  on  a  small  cargo  vessel  for  test¬ 
ing.  Exhaust  beat  from  the  vessel’s  diesel  engine  will  feed  the  Rankine  engine, 
which  In  tom  wUl  power  a  tuitdne  to  provide  all  the  ship’s  electric  power  needs. 


Canm  Stexv  Powot  Ststkw — Descupnoif  and  Back«ound 

The  Carters  have  taken  a  fresh  approach  to  many  of  the  problems  traditionally 
associated  with  the  steam-powered  automobile.  The  expander  is  a  four-cylinder, 
radial,  single-acting  uniflow  without  crossheads.  It  is  designed  to  (^rate  on  2,000 
pal  steam  pressure  at  a  temperature  of  1,000  deg.  F.  Expansion  ratio  is  fixed  at  an 
efficient  11.3  to  1. 

Power  modulation  Is  accomplished  by  varying  the  boiler  pressure  and  by  the 
use  of  the  standard  four-speed  VW  gearbox.  The  expander  produces  more  than  90 
shaft  hors^iower  from  35  cuMc  inches,  at  2,000  pel  steam  pressure  and  5,000 
ipm. 

The  engine  is  not  reversible,  the  gearbox  being  used  for  this  function.  Water 
and  oil  pumps  are  driven  off  the  en^ne,  as  Is  the  alternator ;  the  engine  is  idled 
to  handle  tin  accessory  load. 

A  blow-down  feature  is  provided  to  shorten  warm-up — whlcih  takes  place  in  20 
seconds.  Drlveaway  time  Is  30  seconds  from  turning  the  ignition  key  on  a  cold 
start. 

The  steam  system  is  completely  automatic :  the  car  drives  and  operates  exactly 
the  same  as  the  stock  Squareback  Wagon.  Bedimdant  features  built  into  the  con¬ 
trol  system  prevent  damage  occurring  to  any  of  the  parts. 

Splash  lubrication  In  the  crankcase,  along  with  an  oil  injector  which  feeds  oil 
directly  Into  the  piston  rings  and  cylinder,  has  been  very  successful.  A  special 
bigh-tanperature  oil  ntade  by  Mobil  Oil  Company  is  used,  as  are  channel  chrome 
cylinders  and  cast  iron  rti^.  Bearings  are  pressure  fed  and  are  either  ball,  roller 

needle.  Crankcase  temperature  of  250  deg.  F.  bolls  off  the  Uttle  condensed 
Wow-by  that  occurs. 

The  Carter  system  is  completely  closed.  This  means  It  is  not  necessary  to  con¬ 
tinue  to  add  water.  The  same  water  Is  used  repeatedly.  The  condenser  employs 
a  vacuum  under  most  conditions.  On  a  100  degree  day,  the  condenser  will  main¬ 
tain  a  pressure  of  —2  Inches  of  mercury  to  2  pslg  at  70  mi*  and  —15  inches  at  40 
mph.  Since  the  system  Is  completely  dosed,  the  rings  are  virtually  bathed  in  oil. 
The  oil  which  escapes  through  the  steam  exhaust  ports  is  not  lost,  as  it  would  tc 
Is  an  IC  engine,  but  is  collected  and  separated  by  a  small  centrifuge.  The  deansed, 
non-emnlslfylng  oil  is  then  pumped  back  into  the  crankcase,  and  the  dean  water 
is  dumped  into  the  makeup  watw  tank. 

The  cmnplete  system  fits  into  the  VW  Squareback  Wagwi’s  engine  compart¬ 
ment,  with  the  exception  of  a  small  raru  air  condenser,  located  up  front.  Weight 
of  engine,  feedwater  pump,  throttle  valve,  oil  pump  and  filtering  system  is  114 
Rw.  Weight  of  the  blower,  boiler  atomizer  and  automatic  controls  is  125  lbs.  Jn- 
rfmMng  the  weight  of  the  cimdenser  (made  of  lead  and  brass)  and  without  making 
any  spedal  efflbrt  to  conserve  wel^t  In  this  prototype,  the  total  system  weighs 
only  120  Ibe.  more  than  the  stock  VW’s  Ic  system. 

The  Orter  steam  car  has  been  driven  over  80  mph  on  several  occasions,  al- 

thouA  Its  top  speed  would  be  In  excess  of  90  mph.  j. 

The  car  was  first  driven  around  Burkbumett,  Texas  on  Marcb  15th,  1972,  and 
in  two  years  has  accumulated  over  4,600  road  miles,  exdnslve  of  many  hours  on 
the  carter's  test  stand  and  at  test  laboratories  In  San  Antonio  and  Ann  Arbor, 

IWs^eam-powered  VW  Is  the  first  automobile  Installation,  but  many  of  the 
system  components  are  fourth  and  fifth  generation.  In  emissl<ms  tests  con¬ 
ducted  toy  BPA  at  Ann  Arbor,  the  car  easily  surpassed  the  statuton'  levels 
originally  set  by  the  aean  Air  Act  Amendments  of  1970.  Based  on  the  data  pro- 
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vlded  by  this  test  experience  end  known  opportnnldee  tor  relatively  simple  sys¬ 
tem  imiwoTement,  It  Is  ondcipeted  that  the  next  car  will  give  emissions  mie-thlrd 
ot  the  statutory  levels. 

l%e  same  tests  noted  above  resulted  in  fuel  economy  of  14.9  mpg,  over  a  cold 
start  OB  tbe  1975  Federal  Driving  Cycle  and  17.8  mpg  over  the  Federal  Highway 
Driving  Cycle.  These  tgnree  are  not  especially  impressive,  but  they  do  indicate 
the  potential  fuel  economy  which  this  system  can  achieve — with  opdmlsadon. 
Based  on  presmri  knowledge  and  test  results,  it  is  andcipated  that  this  system  can 
provide  fuel  economy  egnal  to,  or  better  than,  that  obtained  by  1974  IC-englned 
eats.  Tbe  second  oar  is  eiqiected  to  give  25  mpg  at  55  mph,  better  than  29  mpg  over 
the  Federal  Driving  Cyrie  and  a  driveaway  time,  from  a  cold  start,  of  15  seconds 
or  less. 

Mr.  Carter  and  his  son  are  both  mechanical  engineering  gradnates  of  Texas 
Tech  University.  Mr.  Carter,  Sr.,  is  Prerident  of  Texas  Brinforeed  Plasdcs,  Inc., 
a  research  and  development  company  that  devel(^  fiberglass  pipe  and  iwoducts 
for  the  oil  and  chemical  industries.  He  devrioped  the  first  successful  glass  fila¬ 
ment  wound  rocket  motor  chambers  tor  the  Polaris  missile  system. 

A  summary  of  test  resnlts  Is  attached  for  your  informadon. 

SUMMAtV  OF  TEST  RESULTS  FOR  CMTER  ENTERFRISES  STEAM  CAR 
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lana  and  karaaana.  Tba  aar  ia  aqaippad  rrintiM  atandard  VW  4-apaad  1 


ahawn  far  btavKy:  aaaand  aal  waa  aMeOy  camparaMa. 

I  Arbor  faailHtaak  durtag  tba  waah  af  Rlay  6.  Car  waa  VW  SqaarobacA  Waaon 
appraabaatatyMOOiaadmUcaattaatUma.  Fval  uaad  waa  a  Hand  af 
itb  UM  atandard  VW  4-apaad  trananiiaalan. 


FUEL  ECOfiOWV  -1974  MOOa  YEAR  TESTS 
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BMW . . . 12U. . aw . .  21. 1-22.  S 

121  A .  2002  TM .  IS.  1-20. 3 

Bfttiab-LaylandCTrhHnpb) . TB . TM .  10.0-10.9 

Tiat .  132 .  124aarlaa .  140-17.7 

Ford . MLwMta. .  Pinto-Capri .  145-22.0 

2.3LwMto .  Plnto-Maatani .  147-21.0 

^  Gbavrclat . 101-1....... . Vasa  aariaa .  14 1-24  0 

. .  4032. . OadiaCalLPlyw^CrieliaL .  21.0 

4652 . Sama .  143-2L2 

. 4 . Dataan  710  and  pidiap .  14  5-24  4 

0 . OmaanOlO .  145-240 

Paml^ . 1 . Ollaariaa .  141-141 

Raaaatt.. .  007 .  17eaapa .  17.0-22.2 

041 . imcoapa,12STwi|an .  17.5-22.2 

SAAB. . BC29 .  90 . 14  8 

BE20 .  99tE_ .  144 

Taya  Kaon . Taya  3 . Mwda  RX2-3 .  14  7 

Caronn-HIlB*””'.'.'.''.'..'.. 140 


24  0-27.9 


•  AR  modala  bavlni  aama  walgrt,  2,750  tba. 
Saaita:EPA 
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Bsaroinioro  to  Pbotkstb — Japan  BIat  tiui  at  Auto  Biubsion  Standabdo 
(By  A.  B.  CuUlBon) 

Tokto. — Japan’s  ESnvironmeat  Agency  may  decide  to  relax  or  delay  ante  anis- 
ston  standards  for  1076  In  response  to  protests  from  the  country’s  two  largest 
antomoUle  manufacturers  that  their  present  technology  definitely  will  not  allow 
them  to  meet  the  stUf  requirements  In  time. 

(Both  Toyota  Motor  Co.  and  Nissan  Motor  Co.  have  Informed  agency  officials 
during  hearings  now  under  way  in  the  Japanese  capital  that  they  do  not  feel  It 
Is  possible  to  reduce  the  toxic  pollutants  by  the  deadline.  However,  Honda  Motor 
Co.  execntivee  told  the  agency  Wednesday  they  feel  their  flm  can  at  least  par¬ 
tially  match  reqnlremmits. 

PBOOBHS  MASB 

Daring  testimony  before  the  agency’s  specialists,  the  Honda  executives  <dalmed 
they  will  be  In  a  position  to  develop  technology  which  will  enable  the  firm  to  cut 
back  nitrogen  oxide  emissions  to  0.6  grams  per  kilometer  by  the  Spring  of  1676. 
Agency  officials  said  the  figures  provided  by  Honda  are  not  sufficiently  close  to 
their  target  of  0.25  grams  per  Idlmneter  but  it  is  “a  big  move  in  the  right 
direction.” 

Hldeo  Sugiura,  Honda’s  managing  director,  was  reported  by  the  agency  to  have 
testified  at  the  hearing  that  his  company’s  compound  vortex-controlled  combus¬ 
tion  (CVOC)  engine  is  proving  highly  effective  in  cutting  down  nitrogen  oxide 
emissions.  He  was  confident,  he  said,  that  use  of  an  emission  gas  recycling  device, 
now  in  an  experi’uental  stage,  eventually  could  drop  the  level  to  the  required 
0.26  grams. 

But  Mr.  Sugiura  was  quoted  by  the  agency  ofllcials  as  explaining  Honda  still 
has  problems  with  fuel  econ<»ny  and  driving  performances  and  that  it  is  impos¬ 
sible  to  provide  an  exact  date  when  the  strict  agmicy  standards  could  be  met 
exactly. 

last  Saturday  the  agency  began  conducting  the  hearings  In  the  hope  that  the 
Japanese  automobile  makers  would  be  able  to  meet  the  standards  and  that  it  will 
not  be  necessary  to  relax  or  postpone  the  1676  emission  requirements.  Disappoint¬ 
ment  came  early  this  week  when  Toyota  and  Nissan,  Japan’s  two  largest  auto 
manufacturers,  said  they  did  not  possess  the  techiKtolgy  to  do  the  job. 

nSlfANn  XOBB  DATA 

Agency  offidale  said  they  plan  to  demand  that  Toyota  and  Nissan  and  other 
domestic  auto  compauies  provide  additional  data  for  review  by  the  Central  Pol¬ 
lution  Countermeasures  Council,  and  advisory  organisation  of  the  agency.  After 
such  data  has  been  examined,  the  agency  said,  it  win  be  decided  whether  to  go 
ahead  with  the  strict  standards  or  choose  some  other  course,  even  to  the  extent 
of  establishing  new,  but  less  stiff,  interim  requirements. 

But  automobile  industry  Otwervers  In  Tokyo  feel  it  would  be  highly  unlikely 
that  the  agency  will  stick  to  its  original  plans  for  1976,  considering  that  only  one 
of  Japan's  automakers  feels  even  partlaUy  capable  of  meeting  the  standards  in 
the  desired  time  frame. 

BxecuHves  for  both  Toyota  and  Nissan  have  appealed  to  the  agency  for  a 
complete  postponement  of  the  implementation  of  the  1976  car  exhaust  reqnlre- 
mrats.  Ryoichi  Nakagawa,  executive  director  of  Nissan  Motors,  told  agmicy 
officials  on  Tuesday,  for  example,  that  his  firm  had  been  working  hard  to  develop 
a  rantract  process  and  a  low-pollution  engine  but  it  can’t  be  done  in  1976. 

He  said  his  firm  could  meet  the  1975  standards  which  require  nitrogen  oxide 
emisMons  per  kilometer  to  be  reduced  to  1.2  grams,  but  be  insisted  that  the  0.25 
r^tir^ent.for  1976  was  “out  of  the  question  in  view  of  current  technology 
which  Nissan  has  available  at  this  time.”  ^ 
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